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(54) Method of producing a SOi wafer 

(57) A method of producing a semiconductor mem- 
ber comprises a first step of preparing a first member 
having a non-porous layer on a semiconductor sub- 
strate, and a second step of transferring the non-porous 
layer from the first member onto a second member, 
wherein use of the semiconductor substrate from which 
the non-porous layer is separated in the second step as 
a constrtuent material of the first member in the first step 
is conducted (n-1) times ("n" Is a natural number not 
less than 2), the first and second steps are repeated n 
times, the semiconductor substrate is separated in n-th 
use in the second step and the separated semiconduc- 
tor substrate is used for an use other than that of the 
first and second steps. 
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Description 

BACKGROUND OR THE INVENTION 
Field of the Invention 

[0001] The present Invention relates to a method of 
producing a semicondijctor member and a method of 
utilizing it Specificalty, the present invention relates to a 
method of producing semiconductor wafers which are 
used for production of semiconductor devices such as 
micro processors, memories, logic circuits, system 
LSIs, solar cells, image sensors, light-emitting ele- 
ments, display elements, etc., or which are monitor 
wafers to be used for film thickness monitoring at the 
time of film formation, etched-depth monitoring at the 
time of etching, particle monitoring to be used for detec- 
tion of foreign matter particles as wei) as measurement 
of the number thereof, etc., dummy wafers to be dis- 
posed in treatment apparatuses for use in order to make 
good various treatment conditions such as film forming, 
heat treatment, doping, etching, etc.; and a method of 
using the wafers as well as a method of utilizing the 
wafers. Further, the present invention relates to a sys- 
tem of producing two kind of semiconductor wafers, a 
method of controlling production of the semiconductor 
wafers and a method of utilizing a deposited-fitm form- 
ing apparatus. 

Related Background Art 

[0002] Semiconductor wafers include wafers having 
layers of various semiconductor materials such as Si, 
GaAs, InR GaN, etc.. Among others, an SOI wafer 
which has a semiconductor layer on a supporting sub- 
strate having an insulating surface catches attention as 
a wafer appropriate for production of semiconductor 
devices capable of high speed operation with low power 
consumption. 

[0003] The SOI wafers include known SIMOX 
wafers subjected to an oxygen ion implanting step and 
a heat treatment step, bonding wafers subjected to a 
hydrogen Ion implanting step and a peeling step which 
are described in Japanese Patent Application Laid- 
Open No 5-211128 (U.S. Patent No. 5,374.564) and 
Japanese Patent Application Laid-Open No. 10-200080 
(U.S. Patent No. 5.966,620), and bonding wafers using 
plasma etching described in International Application 
Publication No. W098/52216, etc. In addition, as a pro- 
duction method for excellent SOI wafers, a method of 
transferring an epitaxial layer another supporting sub- 
strate material is proposed in Japanese Patent Applica- 
tion Laid-Open No. 2608351 (U.S. Patent No. 
5.371.037). 

[0004] Moreover, an improved method for transfer- 
ring an eprtaxial layer is proposed in Japanese Patent 
Application Lald-Open No. 7-302889 (U.S. Patent No. 
5.856,229). This method wilt be specifically described 



below. 

[0005] Figs. 1 9A to 1 9E are schematic views show- 
ing a method of transferring an epitaxial layer which is 
deserved in Japanese Patent Application Laid-Open 

5 No. 7-302889. 

[0006] Firstly, as shown in Fig. 1 9A. an Si wafer 1 is 
prepared as a first wafer (which In some cases is called 
as prime wafer, bond wafer, device wafer, seed wafer, 
donor wafer, etc.). and a surface layer thereof subjected 

10 to anodizatbn and made porous to form a porous layer 
4. 

[0007] Next, as shown in Fig. 1 9B. a CVD method, 
etc. is applied to epitaxlally grow a non-porous single- 
crystalline semiconductor layer 5 on the porous layer 4. 

15 [0008] Moreover, as shown In Fig. 1 SC. a surface of 
the non-porous single-crystalline semiconductor layer 5 
is oxkiized to form an insulating layer 6. The insulating 
layer 6 is bonded onto a surface of a separately pre- 
pared second wafer 2 (SI wafer or silica glass, etc.). 

20 Thus a multilayer structure 100 having the non-porous 
single-crystalline semiconductor layer 5 inside is 
obtained. 

[0009] As shown in Fig. 19D. when a wedge is 
struck into a side surface of this multilayer structure 100 

25 or when external force or Internal stress Is applied so as 
to separate the multilayer structure, the multilayer struc- 
ture 100 Is divided at a porous layer portion (reference 
numerals 41 and 42 in Fig. 19D denote separated 
porous layers). 

30 [0010] A porous layer 42 left on a surface of the 
non-porous single-crystalline semiconductor layer 5, 
I.e.. an eprtaxial layer which is transferred onto the 
above-described second wafer 2 (which are referred to 
as a handle wafer or a base wafer, etc., In some cases) 

35 Is subjected to wet etching with a mixed liquid of fluoric 
acid and hydrogen peroxide solution to be removed. 
[0011] In addition, as shown in Fig. 19E, an 
exposed surface of the eprtaxial layer is flattened by 
hydrogen annealing, etc. to complete an SOI wafer 

40 [0012] On the other hand, since a separated Si 
wafer 1 maintains its shape as a wafer, a porous layer 
left on its separation surface is etched with the above- 
described mixed Ik^uid, etc. and polished, and the sepa- 
rated wafer can be used so as to produce another SOI 

45 wafer as the first wafer shown in Fig. 1 9A again. 

[0013] Alternativety, the separated wafer can be 
used as a second wafer 2 shown in Fig. 19B so as to 
produce another SOI wafer. 

[0014] As described above, the above-described 
50 Japanese Patent Application Lald-Open No 7-302889 
describes that the peeled Si wafer 1 is used as the first 
wafer shown in Fig. 1 9A or the second wafer 2 shown in 
Fig. 19B. 

[0015] However, the above-described method has 
55 several potential problems to be solved. 

[0016] That Is, it is desirable that a number of SOI 
wafers are produced using less sheets of wafer as much 
as possible, but one wafer subjected to a plurality of 
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uses in production steps of SOI wafers is finally dis- 
carded. This will not bB adjusted to industry in the near 
future when decrease of wastes generation and efficient 
use of resources will be expected. 
{0017] In addition, in the case where an St wafer is 5 
reused some times as the first wafer, the first wafer 
loses its film thickness every time of reuse due to a step 
of making a wafer porous and a step of removing a 
porous layer after separation. Accordingly, In the case 
where the wafer is reused some times, difference in w 
thickness of a wafer not reused and the above- 
described reused wafer becomes remarkable. In such a 
case where the wafer is subjected to a treatment step 
depending on thickness of wafers again as in step of 
making a wafer porous, significant difference in thick- 15 
ness for respective wafers will presumably make setting 
or adjustment of various treatment conditions time-con- 
suming. 

[0018] in addKion, when a multilayer structure is 
formed, the thickness of the first wafer sensitively 20 
affects wrap of the multilayer structure in some cases. 
[00 1 9] Further, it is considered that damages stored 
due to the repeated separation steps adversely affect 
the subsequent step of making a wafer porous and the 
like, whereby SOI wafers having desired characteristics 25 
are not obtained. 

[0020] That is, in converrtiona) reuse method, it is 
only considered that a reusable first wafer obtainable by 
SOI wafer-producing steps is repeatedly used in the 
same SOI wafer-producing steps, and therefore the 30 
above-described problems are considered. 

SUMMARY OF THE INVENTION 

[0021] An object of the present invention is to pro- 35 
vide a method of producing semiconductor wafers hav- 
ing efficient and economical application mode of wafers. 
[0022] in addition, another object of the present 
invention is to provide a semiconductor wafer-producing 
system which enables efficient and economical applica- 40 
tion of semiconductor wafers. 

[0023] A method of producing a semiconductor 
wafer according to the present invention comprises a 
first step of forming a first member having a non-porous 
layer on a semiconductor substrate, and a second step 45 
of separating the non-porous layer from the first mem- 
ber and transferring the non-porous layer onto a second 
member, wherein use of the semiconductor substrate 
from which the non-porous layer is separated in the sec- 
ond step as a constituent material of the first member in so 
the first step is conducted (n-1) times ("n" is a natural 
number not less than 2), the first and second steps are 
repeated n times, the semiconductor substrate is sepa- 
rated in n-th use in the second step and the separated 
semiconductor substrate is used for an use other than 55 
that of the first and second steps. The first member can 
be formed the non-porous layer on the semiconductor 
substrate through a separation layer. 



[0024] ' A method of producing a semiconductor 
member according to the present invention comprises a 
first step of preparing a first member having a non- 
porous layer on a semiconductor substrate, and a sec- 
ond step of transferring the non-porous layer from the 
first member onto a second member, wherein use of the 
semiconductor substrate from which the non-porous 
layer is separated in the second step as a constituent 
material of the first member in the first step is conducted 
(n-1 ) times ("n" is a natural number not less than 2), the 
first and second steps are repeated n times, the semi- 
conductor substrate is separated in n-th use in the sec- 
ond step and the separated semiconductor substrate is 
used for cui use other than that of the first and second 
steps. 

[0025] Particularly, in the present inventbn, the first 
member has the non-porous layer on the semiconductor 
substrate through a separation layer, and the second 
step includes a step of bonding the first and second 
members to each other with positioning the non-porous 
layer inside to form a multilayer structure and separating 
the multil^er structure at the separation layer. 
[0026] In the present invention, the purpose other 
than the first and second steps can be to sale the semi- 
conductor substrate separated in the n-th use in the 
second step and to produce an epitaxial wafer using the 
semiconductor substrate and sale it. 
[0027] The above-described separation layer can 
be a layer formed by anodizatbn or an ion-implanted 
layer formed by implanting ions such as hydrogen ions 
into a layer. 

[0028] In the method of the present invention, the 
step of preparing the first member can include: a step of 
forming a first epitaxial semiconductor layer on the sem- 
iconductor substrate; a step of making at least a part of 
the first epitaxial semiconductor layer porous to a 
porous layer; and a step of forming the non-porous layer 
on the porous layer, thereby preparing the first member. 
[0029] In the method of the present invention, the 
step of preparing the first member can include: a step of 
forming, on the semiconductor substrate, a first semi- 
conductor layer which is an epitaxial layer, a second 
semiconductor layer different in impurity concentration 
or conductivity type from the first semiconductor layer in 
this order from the semiconductor substrate side; a step 
of making at least a part of the first and second semi- 
conductor layers porous to form a porous layer; and a 
step of forming the non-porous layer on the porous 
layer, thereby preparing the first member. 
[0030] In the method of the present invention, the 
semiconductor substrate can be a p-type semiconduc- 
tor substrate, the first semiconductor layer can have a 
concentration of an impurity for controlling a p-type con- 
ductivity smaller than that of the semiconductor sub- 
strate, and the second semiconductor layer can have a 
concentration of an impurity for controlling a p-type con- 
ductivity larger than that of the first semiconductor layer. 
[0031] In the method of the present invention, the 
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step of preparing the first member can include: a step of 
forming a first epitaxial semiconductor layer on the sem- 
iconductor substrate: and a step of forming an Ion- 
implanted layer inside the first epitaxial semiconductor 
layer, thereby preparing the first member. 5 
[0032] In the method of the present invention, the 
step of preparing the first member can include: a step of 
forming, on the. semiconductor substrate, a first semi- 
conductor layer which is an epitaxial layer, a second 
semiconductor layer different in impurity concentration 10 
or conductivity type from the first semiconductor layer in 
this order from the semiconductor substrate side; and a 
step of forming an ion-implanted layer inside the first 
semiconductor layer and/or the second semiconductor 
layer, thereby preparing the first member. 15 
[0033] The second member can have an insulating 
layer on a surface thereof. 

[0034] The second step can comprises flattening 
the surface of the semiconductor substrate obtained by 
separating the non-porous layer from the first member 20 
in the second step. 

[0035] The flattening is conducted by surface-pol- 
ishing, etching and heat-treating of the semiconductor 
substrate. 

[0036] The method of the present invention further 25 
comprises a inspection step of conducting at least one 
of surface foreign matter particle density inspection, 
thickness distribution, defect density inspection, surface 
shape inspection or edge inspection, after the surface 
flattening treatment of the semiconductor substrate 30 
used n times in production of the semiconductor mem- 
ber. 

[0037] In the method of the present invention, n can 
be determined by subjecting the semiconductor sub- 
strate, which is obtained by separating the non-porous 35 
layer from the first member in the second step, to a 
inspection step of conducting at least one of surface for- 
eign matter particle density inspection, thickness distri- 
bution, defect density inspection, surface shape 
inspection or edge inspection. 40 
[0038] In the method of the present invention, the 
semiconductor member can be an SOI wafer, and after 
the semiconductor substrate is used in the first and sec- 
ond steps two times or more, the semiconductor sub- 
strate can be used to produce an epitaxial wafer for an 45 
use other than that of the method of producing the sem- 
iconductor member. 

[0039] In the method of the present invention, the 
use other than that of the first and second steps is pro- 
duction of an epitaxial wafer, and the above-described 5o 
value n can be defined corresponding to the number of 
ordered sheets of epitaxial wafer which is recorded in a 
computer. 

[0040] The method of utilizing a semiconductor 
substrate according to the present invention comprises 55 
applying a semiconductor substrate used plural times in 
production steps of a bonding SOI wafer to an use other 
than that of the production steps of the bonding SOI 



wafer. 

[0041] The use other than that of the production 
steps of the bonding SOI wafer includes sale of the 
semiconductor substrate used plural times. 
[0042] The use other than that of the productbn 
steps of the bonding SOI wafer includes production of 
an epitaxial wafer by using the semiconductor substrate 
used plural times and sale of the epitaxial wafer. 
[0043] The system of producing a semiconductor 
member according to the present invention Is a system 
of producing two kinds of semiconductor members, 
which comprises a step of using a semiconductor mem- 
ber obtained from SOI substrate production steps utiliz- 
ing a bonding method in the SOI substrate production 
steps n times (n ^ 2), and a step of producing an epitax- 
ial wafer for an use other than that of the SOI substrate 
production steps by using the semiconductor member 
used plural times. 

[0044] The method of controlling the production of a 
semiconductor member according to the present inven- 
tion, which comprises using a semiconductor substrate 
in bonding SOI wafer production steps n times (n ^ 2) to 
produce n sheets of SOI wafer, utilizing the semicon- 
ductor substrate as an epitaxial wafer for an use other 
than that of the bonding SOI substrate production steps, 
and controlling use times n to adjust the production 
amounts of the SOI wafer and the epKaxlai wafer. 
[0045] The method of utilizing a deposited film- 
forming apparatus according to the present invention 
comprises commonly using a deposited film-forming 
apparatus for forming an epitaxial wafer having an epi- 
taxial layer on a semiconductor substrate for use in pro- 
duction steps of a plurality of sheets of bonding SOI 
wafer and a deposited film-forming apparatus for form- 
ing an eprtaxiai wafer in which the semiconductor sub- 
strate is applied to an use other than that of the 
production steps of the SOI wafer. 
[0046] The production method of the present inven- 
tion further comprises a step of heat-treating the multi- 
layer structure in an oxidizing atmosphere. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] 

Fig. 1 is a flow chart showing a method of produc- 
ing a semiconductor member according to a basic 
embodiment of the present invention; 
Fig. 2 is a schematically cross-sectional view show- 
ing the steps of producing a semiconductor mem- 
ber according to a basic embodiment of the present 
invention; 

Figs. 3A and SB are schematically cross-sectional 
views showing the steps of producing a semicon- 
ductor member according to a bask: embodiment of 
the present invention; 

Fig. 4 is a schematically cross-sectional view show- 
ing the steps of producing a semiconductor mem- 
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ber according to a basic embodiment of the present 
invention; 

Fig. 5 is a schematically cross-sectbnal view show- 
ing the steps of producing a semiconductor mem- 
ber according to a basic embodiment of the present 
Invention: 

Fig. 6 is a schematically cross-sectbnal view show- 
ing the steps of producing a semiconductor mem- 
ber according to a basic embodiment of the present 
invention; 

Fig. 7 is an explanation diagram for showing one 
example of production system according to a basic 
embodiment of the present invention; 
Fig. 8 is an explanation diagram for showing one 
example of production system according to the 
present invention; 

Fig. 9 is a flow chart showing an inspection step 
according to the present invention; 
Fig. 10 is a flow chart showing a method of produc- 
ing a semiconductor member according to a basic 
embodiment of the present invention; 
. Fig. 1 1 is a flow chart showing a method of produc- 
ing a semiconductor member according to a basic 
embodiment of the present invention; 
Fig. 12 is a flow chart showing a method of produc- 
ing a semiconductor member according to a basic 
embodiment of the present invention; 
Fig. 13 is a schematically cross-sectional view 
showing the steps of producing a semiconductor 
member according to a basic embodiment of the 
present invention; 

Fig. 14 is a schematically cross-sectional view 
showing the steps of producing a semiconductor 
member according to a basic embodiment of the 
present invention; 

Fig. 15 is an explanation diagram for showing one 
example of production system according to a basic 
embodiment of the present invemion; 
Fig. 16 is an explanation diagram for showing one 
example of production system according to the 
present invention; 

Fig. 1 7 is a flow chart showing an inspection step 
according to the present invention; 
Figs. 18A, 18B and ISC are schematically cross- 
sectional views for explaining a solar cell according 
to the present invention; and 
Figs. 19A. 19B, 19C. 19D and 19E are schemati- 
cally cross-sectional views for explaining a conven- 
tional method of transferring an epitaxial layer 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0048] Fig. 1 shows a flow chart on a method of pro- 
ducing semiconductor wafers according to a basic 
embodiment of the present invention. 
[0049] Firstly, a semiconductor wafer is prepared as 
a first wafer as shown in a step SI in Fig. 1 . As the sem- 



iconductor wafer, SOI wafer as well as non-SOl wafer 
can be used without raising any questions, and espe- 
cially, non-SOl wafers such as CZ wafers, MCZ wafers, 
FZ wafers, epitaxial wafers, wafers treated with hydro- 
5 gen annealing, intrinsic gettering (IG) wafers, etc. are 
preferably used. 

[0050] Next, as in a step S2. a separation layer is 
formed in the semiconductor wafer, and a first member 
having a single-crystailine semiconductor layer through 
10 the separation layer on the semiconductor substrate is 
formed. 

[0051] The method of forming the separation layer 
is roughly divided into two kinds, and one is a method in 
which a porous layer is formed and thereafter a non- 

15 porous layer is formed on a surface thereof. The non- 
porous layer is formed by a method in which epitaxial 
growth is conducted on a porous layer and a method in 
which a surface of a porous layer is heat-treated under 
an atmosphere containing hydrogen, and the like. 

20 [0052] The othe r separation layer fo nning method is 
a method in which a layer including microcavities gener- 
ated by implanting heteroelements such hydrogen ions, 
rare gas ions, and nitrogen ions, etc. into the first wafer 
or a layer including potential microcavities which can 

25 generate microcavities by a subsequent heat treatment 
Is formed at a predetermined-depth position distant 
from a surface of the first wafer. 
[0053] I n any case, prior to formation of the separa- 
tion layer, a single-crystalline semiconductor layer hav- 

30 ing a predetermined thickness may be formed on a 
surface of the semiconductor wafer so that the separa- 
tion layer Is formed inside the semiconductor layer. 
[0054] A layer on the separation layer is selected 
from a single-crystalline semiconductor layer, a poly- 

35 crystalline semiconductor layer, or an amorphus semi- 
conductor layer, etc. Specifically. Si, Ge, SiGe, SiC, C, 
GaAs, GaN. AIGaAs, InGaAs. InR and InAs. etc. are 
included. Moreover, the surfaces of these semiconduc- 
tor layers may be subjected to thermal oxidation. CVD, 

40 and spattering, etc. so as that an insulating layer of sili- 
con oxide, silicon nitride, and silicon nitride-oxide, etc. is 
formed thereon. 

[0055] Incidentally, in the case where any separa- 
tk>n layer is not formed in advance, as described later. 

45 after a multilayer structure is formed and is cut at an 
appropriate position, or a boundary face for generating 
a stress Is formed to give rise to stress and separation 
is conducted at the boundary face. That is, the steps 
may follow in the order of the step SI -> the step S3 

50 the step S4. 

[0056] Thereafter, in step S3, a portion functioning 
as a supporting base member is formed in the semicon- 
ductor wafer In which the sepai^ation layer is formed to 
obtain the multilayer structure. 

55 [0057] The method of forming this portion function- 
ing as the supporting base member is roughly divided 
into two kinds, and one is a method in which a base 
member such as a second wafer separately prepared is 
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bonded to the first wafer in which the separation layer is 
formed. 

[0058] The other method is a method in which the 
supporting base member is formed by depositing mate- 
rials such as polycrystalline silicon or amorphous silicon 
on the first wafer comparativety more thickly. 
[0059] As the second wafer, CZ wafers, MCZ 
wafers, FZ wafers, epitaxial wafers, wafers treated with 
hydrogen annealing, etc., which are the same structure 
as of the first wafer, can be used. 
[0060] in addition, the first wafer may be bonded 
directly onto a semiconductor surface of these wafers, 
or may be bonded with interposition of an insulating 
layer and/or an adhesive layer between the first wafer 
and the supporting base member. . 
[0061] Instead of a second wafer, insulating trans- 
parent base materials such as quartz glass and plas- 
tics, etc.. conductive base materials made of flexible 
film, metals such as aluminum, stainless steel, etc., and 
also ceramics, etc., can be used. The first wafer may be 
bonded onto these directly or through an insulating layer 
and/or an adhesive layer. Of course, in step S2, when 
the single-crystalline semiconductor layer formed on the 
first wafer can be peeled off, the supporting base mem- 
ber is not necessarily required. 
[0062] Next, in step S4, in the separation layer, the 
multilayer structure is separated. The method for sepa- 
ration is roughly divided into two kinds. One is a method 
in which a multilayer structure is heated from outside or 
is irradiated with light to absorb the light, whereby 
energy for separating is generated inside the multilayer 
structure. 

[0063] Specifically, a layer including microcavities 
or a layer including potential microcavities formed by 
implanting hydrogen ions, rare gas ions, nitrogen ions or 
the like at a predetermined-depth position of the first 
wafer receives thermal energy so that the microcavities 
become bigger and the density of the separation layer 
decreases. This causes peeling phenomena of the mul- 
tilayer structure. This is a method of generating an 
energy for separation inside the multilayer structure. In 
addition, such a method may be conducted that the sep- 
aration layer and/or its vicinity is heat-treated so that a 
side surface thereof is oxidized to separate the multi- 
layer structure by utilizing a stress generated by oxide 
film growth. 

[0064] The other one is a method in which the 
energy for separation is directly given to the multilayer 
structure from outside. Specifically, the separation 
method includes a method in which a wedge is inserted 
into a side surface of a multilayer structure for separa- 
tion, a method in which a fluid made from liquids and/or 
gasses is jetted to a side surface of a multilayer struc- 
ture for separation, a method in which a tension in a 
mutually opposite direction is applied onto a front sur- 
face as well as a rear surface of a multilayer structure for 
separation, a method in which a pushing pressure in a 
mutually opposite direction is applied onto a front sur- 



face as well as a rear surface of a multilayer structure for 
destroying a separatbn layer to be separated, a method 
in which a shearing force is applied onto a side surface 
of a mu Kilayer structure for destroying a separation layer 

5 to be separated, a method of using an inside peripheral 
blade and a wire saw for slicing, a method in which ultra- 
sonic vibrations are given to destroy a separation layer, 
and the like. Water and nitrogen gas. etc.. are used as a 
fluid to be jetted. Incidently. a position where the wedge 

10 is inserted or where the fluid is jetted is on the side sur- 
face of the muttitayer structure, preferably in the vicinity 
of the separation layer. 

[0065] Of course, the above-described separation 
methods may be used in combination. Incidentally, a 
15 portion where the fluid is jetted is mainly a side surface 
of a separation layer formed by anodization or implanta- 
tion with hydrogen ions or the like, but this portion Is not 
limited. 

[0066] One wafer thus obtained will become an SOi 

20 wafer, etc. which is an extremely highly value-added 
wafer (step S5). and this can be used so that a semicon- 
ductor device is produced. A produced semiconductor 
. device will become an excellent semiconductor device 
which can operate with a high speed and with low power 

25 consumption. 

[0067] On the other hand, the separated first wafer 
(a semiconductor substrate) Is utilized as a first wafer in 
the above-described step again or a second wafer. 
[0068] This recycling Is conducted (n-1) times ("n" 

30 is a riatural number not less than 2). Accordingly, a man- 
ufacturing process of SOI wafers is conducted "n" times, 
and n sheets of SOI wafer are produced. In addition, a 
first wafer separated in the separation step S4 for the n- 
th use is not be used as a first wafer or a second wafer 

35 in the above-described step again, but if necessary. Its 
surface is flattened, and the wafer is used as a non-SOl 
wafer, and this is utilized to produce a normal semicon- 
ductor device. 

[0069] Further, the wafer can be diverted as an epi- 
40 taxial wafer, a monitor wafer or a dummy wafer (step 
S6). In this case, the monitor wafer includes a wafer for 
controlling the steps in use of checking quality levels in 
each step of the process. The dummy wafer includes a 
wafer for maintaining uniformity in start-up and device 
45 characteristics. In addition, by utilizing processes dis- 
closed in Japanese Patent Application Laid-OpenNo. 8- 
213645. Japanese Patent Application Laid-Open No. 
10-233352, and Japanese Patent Application Laid- 
Open No. 10-270361 , the wafer can be diverted for pro- 
50 ducing a solar cell. That is. the first wafer separated in 
the separation step S4 for the n-th use is diverted to a 
wafer to be used for a processes other than the SOI pro- 
duction process. 

[0070] The number of times for use of the first wafer 
55 in the SOI manufacturing process, that is, the above- 
described "n" can be determined based on the following 
standards (1) through (3). Incidentally, also in'orderto 
reduce manufacturing costs for SOI wafers, it is desira- 
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bie to establish a manufacturing system so that two or 
more SOI wafers can tie obtained from one first wafer. 
That IS. n ^ 2 is desirable. 

(1) Adjustment of production 

[0071] When SOI wafers are ordered much, the 
. number of times of repetitious use of the first wafer 
obtained by separation in the SOI manufacturing proc- 
ess Is increased. On the other hand, when demand of 
diversions is much, a diversion is conducted at an ear- 
lier stage (step S6). 

(2) Step control 

[0072] The nu mber of ti mes of repetitious use of the 
first wafer obtained after the separation step (step S4) in 
the SOI manufacturing process is set in advance, and 
when the number of repetitious times reaches the set 
number of times.' the wafer is diverted (step S6). 

(3) Classification by way of inspection 

{0073] Usage destination of a wafer is classified by 
way of inspection. For example, when the first wafer is 
judged from surface qualities and wafer shape and the 
like thereof to be endurable for use in the SOI manufac- 
turing process, reuse in the SOI manufacturing process 
is repeated. When the wafer is judged to be no longer 
endurable for use in the SOI manufacturing process, 
diversion (step S6) is conducted. Here, "no bnger 
endurable for use in the SOI manufacturing process" 
denotes cases including that a manufactured SOI wafer 
does not satisfy the desired specifications. 
[0074] Incidently, the inspection stated here 
includes measurements of light point defects, surface 
roughness, etc., as shown in Fig. 9. 
[0075] Of course, "n" can be determined in accord- 
ance with required specifications (flatness of the SOI 
layer surface, lattice defect density of the SOi layer, etc.) 
of SOI wafers, or "n" can be also determined in accord- 
ance with a price offered by a customer. 
[0076] In addition, in the case where the SOI manu- 
facturing process includes a manufacturing system in 
which one silicon wafer is used a plurality of times (n 
times) as a first wafer and thereafter the wafer is 
diverted into an epitaxial wafer, the above-described "n" 
can be determined in accordance with needs for SOI 
wafers and epitaxial wafers in a market. 
[0077] That is, "n" can be determined based on a 
number of ordered SOI wafers and a number of ordered 
epitaxial wafers from customers. 
[0078] For example, in case of a relationship of asoi 
<, 3aepj wherein ogoi is a number of ordered SOI and 
a^pj is a number of ordered epitaxial wafers during a 
period. "n=3" and the like is determined. 
[0079] It is also preferable that an ordered number 
of sheets is recorded with a computer, and "n" is deter- 



mined based on the recoi]ded contents. 
[0080] A diversion step conducted in step S6 prefer- 
ably causes among others epitaxial wafers to be 
formed. 

5 [0081] For manufacturing epitaxial wafers, an 
atmospheric pressure CVD system, a low pressure 
CVD system, a plasma enhanced CVD system, a photo 
assisted CVD system, a PVD system, etc. are suitably 
used. 

10 [0082] Iri the present invention, the first wafer used 
in the bonding SOI wafer productbn steps can be used 
to produce an epitaxial wafer for use of an use other 
than the SOI wafer production steps. 
[0083] A suitable temperature for epitaxial growth, 

15 which depends on growth methods, is approximately 
not lower than 500°C and not higher than a melting 
point of a material constituting a wafer. In the case 
where a temperature is applied to wafers of single-crys- 
talline silicon, the lowest limit of the temperature is 

20 600°C, or more preferably 800°C, and the upper limit of 
the temperature is a meKing point of silicon, or more 
preferably 1400*'C, or further preferably 1200°C. 
[0084] in the case where epitaxial growth is con- 
ducted with CVD method or sputtering method, suitable 

25 atmosphere may be either of the atmospheric pressure 
and low pressure, but not more than the atmospheric 
pressure and not less than 3.9 x 10*^ Pa, and more pref- 
erably not more than the atmospheric pressure and not 
less than 1.3 Pa. 

30 [0085] A gas to provide with an atmosphere for epi- 
taxial growth is at least one kind of gas selected from 
silanes such as SiH4. SiClaH, SiCl2H2, SiCl4. Si2Hg, 
SiF4, etc. For a purpose of doping an impurity thereto, a 
gas containing an acceptor such as B2He, BF3, BBr3, 

35 etc. and a gas containing a donor such as PH3, ASH3, 
etc. may be doped. 

[0086] Moreover, in addition thereto, hydrochloric 
acid, chlorine or the like may be doped, or ^drogen or 
a rare gas may be doped. Normally, a hydrogen gas is 

40 used as a carrier gas. 

[0087] Incidentally, when SOI wafers are repeatedly 
manufactured using a P"^ wafer as a first wafer and the 
first wafer is diverted after separation, an epitaxial layer 
is caused to grow on a surface of the first wafer so that 

45 an epitaxial wafer is produced, which is preferable. The 
produced epitaxial wafer is suitable for producing inte- 
grated circuits such as a memory, a logic circuit, analog 
signal processing circuit, analog-digital hybrid circuit, 
etc. or for producing semiconductor functional elements 

50 such as CCD and solar ceils, etc. 

[0088] In addition, in a series of production steps, 
both of a plurality of SOI wafers and epitaxial wafer can 
be manufactured, and comprehensive material costs 
can be reduced. 

55 [0089] Here, an epitaxial wafer will be described. 
[0090] The section 3.3.2 Analogue-digital consoli- 
dated substrate separation technology in "Low power 
consumption, high-speed LSI technology" (Realize Cor- 
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poration) discusses about P' epitaxial layer/?* substrate 
as one of substrate structures to reduce digital noises. 
[0091] In' addition, according to Section 1 of Chap- 
ter 5 of "Silicon science" (edited by UCS Semiconductor 
Substrate Technology Research Institute, published by 5 
Realize Corporation), when MOSLSIs are manufac- 
tured with epi-wafers, most of them employ the structure 
of a substrate having a P-type epitaxial layer on a P* 
substrate (hereinafter referred to as "P-type opl-P* sub- 
strate"). The greatest factor of using an epi-wafer Is a io 
poirTt that software error and latch up can be improved. 
In addition, in Section 4 of the Chapter 5, an epitaxial 
wafer of P-type epl-P* substrate is stated to be superior 
to bulk Si wafers of CZ in terms of TDDB characteristics 
in oxide film-dielectric breakdown characteristics of ts 
MOS structure, and to show a strong gettering effect in 
a boron high-concentration region of the substrate. 
[0092] Moreover, the same Section as described 
above discusses about a price of epitaxial wafer, and 
describes that price difference between epitaxial wafer 20 
and CZ wafer will become smaller when diameter is pro- 
ceeded to become bigger, in addition, it describes that, 
if super-highly quality Si crystal is needed toward a 
gigabit era, price rates (against price for an epi-wafer) of 
a CZ crystal in accordance with greater diameter will be 25 
increased, and therefore an era of mass use of epitaxial 
wafers will come. 

[0093] Thus, it is preferable, from a point of view to 
construct an economic process for producing semicon- 
ductors as well as to improve utilization efficiency of so 
wafers, that the first wafer is used for a plurality of times 
for process for producing SOI wafers, and thereafter 
epitaxial wafers are manufactured by using the first 
wafers. 

[0094] Incidentally, it is also preferable that after 35 
manufacturing SOI wafers by using the first wafer, and 
prior to conducting the diversion step (S6) by using the 
first wafer, a surface of the first wafer is subjected to a 

flattening/smoothing step. 

[0095] For the purpose of surface-flatten- 40 
ing/smoothing, the separated first wafer can be sub- 
jected to at least one of polishing, etching, heat 
treatment, etc. 

[0096] Among others, a method (hydrogen anneal) 
of heat-treating a separated first wafer under the reduc- 45 
ing atmosphere containing hydrogen is a preferable 
method since surface smoothing becomes possible 
while decrease in wafer thickness is inhibited, and 
simultaneously impurity such as boron, etc. contained in 
a surface layer of a wafer after separation can be dif- so 
fused outward so that density of impurity can be 
decreased.. 

[0097] Temperature suitable for hydrogen anneal- 
ing is not less than 300°C and not more than a fusion 
point of a material constituting a wafer, but in the case 55 
where it is applied to a single-crystalline silicon wafer, 
the lower limit of temperature is 800°C or more prefera- 
bly is lOOO^C. and the upper limit of temperature is the 



fusion point of silicon, or more preferably is 1400*'C, and 
further preferably ISOO^C. 

[0098] The reducing atmosphere su itable for hydro- 
gen anneal may be any of high pressure, the atmos- 
pheric pressure, and low pressure, but not more than 
the atmospheric pressure and not less than 3.9 x 10"^ 
Pa, and more preferably not more than the atmospheric 
pressure and not less than 1 .3 Pa.. 
[0099] Treatment time for hydrogen annealing, is 
appropriately selected in accordance with necessary 
characteristics, and therefore there are no particular 
limitation thereon, but around one minute to 1 0 hours is 
a reasonable range. 

[01 00] As a gas for providing with a reducing atmos- 
phere containing hydrogen, 100% hydrogen gas or a 
mixed gas of hydrogen and an inert gas can be used. 
[0101] A first wafer after peeling obtained by such 
hydrogen annealing falls in the same standards as a 
wafer treated with hydrogen annealing treatment on the 
market, and will become suitable for producing semi- 
conductor devices such as LSIs. etc. 
[0102] Smoothing by way of polishing is an excel- 
lent method, and chemical and mechanical polishing 
(CMP) is a one. If surface abnormality could take place, 
it can be almost removed by polishing. This treatment 
can be conducted by the same method as in polishing of 
nomial Si wafers, and is excellent in mass production, 
Incidently. the surface abnormality means defects or 
particles detected by observation of a wafer surface. 
[0103] Incidentally, in the present inventbn, when 
especially a high-concentration P-type semiconductor 
wafer is preferably used as a first wafer so that as shown 
in Fig. 10, the first semiconductor wafers such as SOI 
wafers, etc are formed in the separation step S4 in n-th 
use (Step S5), and the high-concentration P-type semi- 
conductor wafers separated in the n-th separation step 
are flattened in accordance with necessity so that a P' 
layer, an N layer, or the like is preferably caused to epi- 
taxialfy grow (Step S7). Thus, an epitaxial wafer in 
which P" layer. N layer, or the like is formed on a high- 
concentration P-type semiconductor wafer can be pro- 
duced (Step S6). As described above, the mode of P* 
epi-ZP*^ substrate is most widely used among wafers in 
current use. Incidentally, a surface of the first wafer after 
peeling may be subjected to epitaxial growth treatment 
after flattening once, but can be subjected to epitaxial 
growth treatment after only cleaning without polishing, 
etching, or heat treatment after peeling. 
[0104] In addition, when a first wafer which is a 
wafer obtained by forming an epitaxial semiconductor 
layer (P'layer, N layer or the like) on a high-concentra- 
tion P-type semiconductor wafer, the separation step S4 
produces SOI wafers (Step S5), and P' layer or N layer 
or the like is formed on the separated high-concentra- 
tion P-type semiconductor wafer, and therefore without 
new epitaxial growth, an epitaxial wafer can be pro- 
duced (Step S6). That is. as an epitaxial semiconductor 
layer is already formed in step S1 , it is not necessary to 
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prepare a new epitaxial semiconductor layer in step S7 
as shown in Fig. 10.- 

[0105] Formation of a porous layer can be con- 
ducted with an N-type semiconductor in accordance 
with conditions, but P-type semiconductors are desira- 
bly used. Unagami, et al. researched on dissolution 
reaction of Si in anodization, and confirmed that anodic 
reaction needs positive holes in a HF solution (T. Unag- 
ami. J. Electrochem. Soc, vol. 127, 476 (1980)). High- 
concentration P-type semiconductor is desirably used 
so as to conduct formation of a porous layer, and an 
impurity concentration range thereof is generally a 
range of 5.0 x 10^^/cm^ to 5.0 x 102°/cm^ preferably a 
range of 1.0 x ^0^'^fc^^^ to 2.0 x ^0^/cm\ and further 
preferably a range of 5.0 x 10^^/cm^to 1.0 x 10^^/cm^ 
[0106] As the first wafer, a high-concentration P*^ 
wafer is used and a process for producing SOIs is con- 
ducted repeatedly, and thereafter the separated high- 
concentration p"*" wafers (semiconductor substrates) are 
diverted as substrates for P* epitaxial without discard of 
the P*^ wafers, whereby SOI wafers and epitaxial wafers 
can be manufactured. 

[0107] Accordingly toward mass consumption of 
epitaxial wafers as descried above, a commercially 
advantageous semiconductor production system can 
be constructed. 

[0108] Incidentally, in the case where a P' wafer is 
used as a first wafer, the wafer can become a wafer suit- 
able for producing the above-described integrated cir- 
cuit or semiconductor function element only by 
smoothing a surface of the wafer without undergoing 
epitaxial treatment. 

[0109] Of course, when a higher quality layer is 
demanded as a layer for producing an integrated circuit 
or a semiconductor function elements, an epitaxial layer 
may be further formed on the smoothed surface. The 
separated first wafer (semiconductor substrate) is uti- 
lized and diverted, then it can be resold at approxi- 
mately the same price as or cheaper than the original 
wafer, and further adding additional value (e.g., produc- 
ing an epitaxial wafer), the wafer can be resold at a 
higher price, a commercially advantageous semicon- 
ductor production system can be constructed. 
[01 10] In addition, such a mode of manufacturing a 
plurality of sheets of SOI wafer and one sheet of epi- 
wafer as shown in Fig. 1 1 can be taken. 
[0111] As shown In step S1 in Fig. 11, a first wafer 
is prepared. 

[0112] The above-described semiconductor wafer 
Is suitably used as the first wafer. 
[0113] Next, as in step 82. a separation layer Is 
formed in the semiconductor wafer, and a first member 
having a single-crystalline semiconductor layer on the 
semiconductor substrate through the separation layer is 
formed. As a forming method for a separation layer, a 
method in which a porous layer is formed and thereafter 
a non-porous layer is formed on a surface thereof is 
adopted. A non-porous layer can be formed by a 



method of conducting epitaxial growth on a porous layer 
or a method of heat-treating a surface of the porous 
layer under an atmosphere containing hydrogen. 
[0114] In this case, a single-crystalline semicon- 
5 ductor layer having a predetermined thickness is formed 
on a semiconductor wafer prior to formation of a sepa- 
ration layer, and a separation layer is formed inside the 
semiconductor layer. 

[0115] Here, the single-crystalline semiconductor 
10 layer is consisted of at least two layers having different 
impurity concentrations. For example, on the semicon- 
ductor wafer is formed from the semiconductor wafer 
side, a first single-crystalline semiconductor layer and a 
second semiconductor layer with an impurity concentra- 
15 tion higher than that of the first single-crystalline semi- 
conductor layer. When the single-semiconductor layer is 
made porous, a region with a low-concentration impurity 
has a porosity higher than that of a region with a high- 
concemration impurity to become vulnerable. Accord- 
20 ingly, a separation position can be defined more strictly. 
[0116] incidentally, formation of a porous layer is 
implemented so that the region with a low-concentration 
impurity is left. 

[01 1 7] I ncidentally, the separation layer can also be 
25 Implemented by implanting ions such as later-described 
hydrogen and nitrogen, etc. 

[01 1 8] Thereafter, in step S3, a portion to become a 
supporting substrate (second member) is formed in a 
semiconductor wafer in which the separation layer is 
so formed, and a multilayer structure is formed. A method 
for forming this portion to become a supporting sub- 
strate is as described above. 

[0119] Subsequently, in step S4, the multilayer 
structure is separated at the separation layer. As a 
35 method for separation, the above described method is 
adopted. 

[0120] Thus obtained one wafer becomes a wafer 
with extremely highly-value added wafer such as an SOI 
wafer, and by using this, a semiconductor device can be 

40 formed (Step S5). The produced semiconductor device 
can become an excellent semiconductor device capable 
of high-speed operation with bw power consumption. 
[01 21] On the other hand, the separated first wafer 
is utilized again as a first wafer or a second wafer in the 

45 above-described step. In accordance with necessity, an 
eprtaxiai layer (e.g., P* epitaxial layer) is formed on the 
separated first wafer (Step S8). Incidentally, as already 
described, since formation of a porous layer is imple- 
mented so that a region with a bw-concentration impu- 

50 rity is left, an epitaxial layer is left on the semiconductor 
wafer, and in the case where this epitaxial layer can pro- 
vide with SOI wafers with a desired quality and a suffi- 
cient thickness of the eprtaxiai layer. It is not necessary 
to form the epitaxial layer in step S8. 

55 [01 22] In the case where the wafer is introduced as 
a first wafer, the above-described separation layer can 
be formed in the epitaxial layer. Incidentally, it is prefer- 
able that a surface of a first wafer after peeling is 
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smoothed once and thereafter subjected to epitaxial 
growth (Step S7 in Fig. 12)-. Of course, without undergo- 
ing polishing, etching, and heat treatment, the wafer can 
be subjected to epitaxial growth treatment (Step SB) 
only by cleaning after peeling. 5 
[0123] Recycling of the above-described first wafer 
takes place (n-1 ) times f n" is a natural number not less 
than 2). Accordingly, a manufacturing process of SOI 
wafers is implemented "n" times, and n sheets of SOI 
wafer are produced. In addition, a first wafer separated io 
in the separation step S4 in the n-th use is not used as 
a first wafer or a second wafer in the above-described 
step again, but, in accordance with necessary, its sur- 
face is smoothed, and the wafer is used as a non-SOl 
wafer (for example, an epitaxial wafer in which a P' laye r 75 
is disposed on a high-concentration P-type semicon- 
ductor wafer in the case where the high-concentration 
P-type semiconductor wafer is used as the first wafer) 
(Step 86). 

[01 24] The wafer can be also diverted as a monitor 20 
wafer ora dummy wafer. In addition, by using processes 
disclosed in Japanese Patent Application Laid-Open 
No. 8-213645, Japanese Patent Application Laid-Open 
No. 10-233352, and Japanese Patent Application Laid- 
Open No. 1 0-270361 , the wafer can be diverted for pro- 25 
ducing a solar cell. The above-described "n" can be 
determined by using the already described standards, 
etc. 

[0125] The embodiments of the present invention 
will be described further in detail with reference to draw- so 
ings as follows. 

(Embodiment 1 ) 

[01 26] Fig. 2 is a flow chart showing the steps of a 35 
process for producing wafers according to the first 
embodiment of the present invention. 
[01 27] At first, in step S11 , a first wafer 1 made of 
CZ silicon wafer, FZ silicon wafer, epitaxial silicon wafer 
or silicon wafer treated with hydrogen annealing, etc., 40 
and a second wafer 2 to become a second member are 
prepared. Among these, a surface of the first wafer 1 is 
anodized and made porous to form a porous layer 4. 
The second wafer 2 may be a wafer from which a semi- 
conductor is exposed or may be one on a surface of 45 
which an insulating film is formed, or in stead of the sec- 
ond wafer, an insulating iight-transmissive substrate 
such as quartz silica glass may be used. 
[0128] Subsequently, in step S12. a non-porous 
layer 5 is formed on a porous layer 4 so that the first 50 
member is formed. As a forming method of the non- 
porous layer 5. there is a method in which pores of the 
porous layer 4 are closed by hydrogen annealing so as 
to give rise to non-porous structure in the surface layer, 
or a method in which a non-porous single-crystalline ss 
layer is formed by epitaxial growth. 
[0129] A suitable temperature for epitaxial growth, 
which depends on growth methods, is approximately 



not lower than 500'C and not higher than a melting 
point of a material constituting a wafer. In the case 
where a temperature is applied to wafers of single-crys- 
talline silicon, the lowest limit of the temperature is 
eOO^C. or more preferably SOO'C, and the upper limit of 
the temperature is a melting point of silicon, or more 
preferably 1400°C, or further preferably 12C0*'C. 
[0130] In addition, in accordance with necessity a 
surface of the non-porous layer 5 is oxidized and the like 
so that an insulating layer 6 is formed on the non-porous 
layer 5. In stead of oxidizing, the insulating layer 6 may 
be formed by CVD and sputtering, etc. Incidentally, in 
the present embodiment, the porous layer 4 becomes a 
separation layer. 

[0131] In step S13, a muKilayer structure 100 is 
formed by bonding a surface of the insulating l^er 6 of 
the first wafer 1 and a surfiace of the second wafer 2. Of 
course, an insulating layer may be formed on the sec- 
ond wafer so that the insulating layers respectively on 
the first wafer and the second wafer are bonded 
together f\/1oreover, an insulating layer may be formed 
only on the second wafer without an insulating layer 
being formed on the first wafer 1 so that the insulating 
layer and the non-porous layer are bonded. At the time 
of bonding, the both wafers may be caused to come in 
contact at room temperature, and thereafter undergo 
heat treatment to increase bonding intensity, or may be 
bonded by anodic bonding. In addition, contact may 
coincide with heat treatment. Moreover, in the bonding 
step, heat treatment, etc. may be implemented while the 
both wafers are placed under high pressure so as to 
come in tighter contact. Heat treatment is preferably 
implemented under oxidized atmosphere or inert gas 
atmosphere (N2, Ar, etc.). 

[0132] In addition, it is also preferable that any of a 
pair of bonding surfaces undergoes plasma treatment 
with oxygen, nitrogen, silicon, hydrogen, a rare gas (Ar. 
Ne). ammonia, water vapor, etc, so that the bonding 

surface is activated in advance. 
[0133] Moreover, bonding may take place by dis- 
placing a adhesive layer to intermediate them. As an 
adhesive for forming the adhesive layer, epoxy and poly- 
imide. etc. can be used. 

[0134] In addition, in step S14, at the separation 
layer (porous layer 4). a multilayer structure is separated 
by the aforementioned method (reference numerals 41 
and 42 denote separated porous layers). The non- 
porous portion of the peeled or separated first wafer 
maintains a wafer shape, and in some cases there 
exists a residual portion 41 of the porous layer on the 
separation surface. On the other hand, onto the second 
wafer 2. the non-porous layer 5 together with the insu- 
lating layer 6 are transferred from the first wafer, and 
have the residual portion 42 of the porous layer on its 
separation surface of couse, when the multilayer struc- 
ture is separated at either of an upper and a lower inter- 
faces of the porous layer 4, the residual portbn is not 
left on the non-porous layer 5 or the first wafer. 
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[0135] In step S15, in accordance wrth necessity 
the residual portion 42t)f the porous layer is removed. In 
the case where the thickness of the residual portion 42 
is comparatively thick, the residual portk)n 42 under- 
goes wet etching to selectively removed by using a 5 
mixed liquid of fluoric acid, hydrogen peroxide and/or 
alcohol as etchant, and thereafter a surface is 
smoothed by hydrogen anneaJing. 
[01 36] In the case where the thickness of the reski- 
ual portion 42 is thin, or little portion remains, the por- 10 
tion may undergo hydrogen annealing for smoothing 
treatment simultaneously with removal of the residual 
portion 42 without conducting wet etching. Thus, highly 
value-added SOI wafers can be obtained. Of course, for 
removal of the residual portion 42, dry etching (radical is 
dry etching) such as RIE, etc. can be employed. 
[0137] In step SI 6, the residual portion 41 on the 
wafer 1 after peeling is removed by polishing, wet etch- 
ing, hydrogen annealing, etc., and is smoothed. 
[0138] Thus, a bulk wafer is obtained. This bulk 20 
wafer is used as a first wafer 1 in step S1 1 . and again a 
process for producing SOI wafers in step S11 through 
step SI 5 is implemented. Reintroduction of the bulk 
wafer obtainable in step SI 6 takes place (n-1 ) times and 
step S11 through S1 5 are repeated "n" times and "n" 25 
SOI wafers are obtained. The number of times of repe- 
tition is determined based on results of inspections such 
as the aforementbned adjustment of production, the 
step control, the surface conditions of wafer, etc. as 
standards. Of course, the bulk wafer obtained in step 30 
SI 6 may be used as a second wafer in step S1 1 . 
[0139] In step S16 for the "n"-th use. the residual 
portion 41 on the wafer 1 (semiconductor substrate) 
after peeling is removed by polishing, wet etching, 
hydrogen annealing, etc., and is smoothed to obtain a 35 
bulk wafer. The thus obtained bulk wafer is used in a 
process for producing non-SOts. The wafer can be used 
for a wafer for forming devices as well as dummy wafers, 
etc. Incidentaily, the surface may be subjected to only 
removal of the residual portion 41 and needs not to 40 
undergo smoothing. This is becouse epitaxial growth 
taking place as in step SI 7 can coincide with surface 
smoothing to a certain extent. 
[0140] Moreover, in accordance with necessity, as 
shown in step SI 7. a surface of the wafer 1 after peeling 45 
may undergo epitaxial growth treatment to cause the 
epitaxial layer 7 made of non-porous P-type single-crys- 
taline semiconductor to be formed. Thus, an epitaxial 
wafer is obtained. In Fig. 2, an epi-wafer is exemplified 
in step SI 7. and however it is not always limited thereto, so 
[01 41] 1 ncidentally, as described above, a high-con- 
centration P-type semiconductor wafer is used as a first 
wafer, which will become suitable to give rise to porous 
structure, and an epitaxial wafer obtained in step S17 
will become a wafer in which an epitaxial layer is formed 55 
on a P*^ wafer. If the wafer is provided with P~ epitaxial 
layer, it will be capable of becoming a suitable epi-wafer. 
[0142] When a surface of the first wafer 1 is ano- 



dized and made porous, cun'ency density or anodiza- 
tion solution may be changed to have two or more 
porous layers having mutually different porosity. 
[01 43] Among others, the porous layer 4 preferably 
comprises from the side of the non-porous layer 5, a 
first porous layer having a first porosity, and a second 
porous layer having a second porosity which is greater 
than the first porosity, in this order. Such a configuration 
makes it possible to fonn a non-porous layer (e.g., non- 
porous single-crystalline silicon layer) with less defects, 
etc. on the first porous layer. In addition, the second 
porous layer can be caused to function as a layer for 
separation. 

[01 44] The first porosity of the first porous layer is 
preferably 10% to 30%, and more preferably 15% to 
25%. 

[0145] In addition, the second porosity of the sec- 
ond porous layer is preferably 35% to 70%. and more 
preferably 40% to 60%. 

[0146] As the solution for anodization. a solution 
containing hydrogen fluorkle, a solution containing 
hydrogen fluoride and ethanol. a solution containing 
hydrogen fluoride and isopropyl alcohol, a solution con- 
taining hydrogen fluoride and hydrogen peroxide, a 
solution containing hydrogen fluoride and a chelate 
compound, and a solution containing hydrogen fluoride 
and surface active agent, etc. can be used. 
[0147] Here, prior to forming a non-porous layer 5 
onto the porous layer 4, at least one of steps (1 ) through 
(4) described below can also be added. A series of 
steps of preferably (1) (2). more preferably (1) (2) 
^ (3) or (1) ^ (2) (4). and further preferably (1) (2) 
-> (3) (4) are implemented. 

(1 ) Step of forming protection film onto wall having 
pores 

[01 48] A protection film such as oxide film or nitride 
film, etc. may be provided onto walls of a porous layer 
having pores so that roughing of pores due to heat treat- 
ment is prevented. For example, heat treatment (at 
200°C to 700°C) is implemented under an oxidizing 
atmosphere. At that occasion, the oxide film. etc. 
formed on a. surface of the porous layer may be 
removed (for example, by exposing the surface onto a 
solution containing HF). 

(2) Hydrogen baking step 

[0149] A porous layer undergoes heat treatment at 
eOCC to 1200°C in a reducing atmosphere containing 
hydrogen so that pores existing on a layer surface of the 
porous layer are sealed to a certain extent. 

(3) Minute amount-raw material supplying step 

[0150] In the case where the above described 
hydrogen baking step can not complete sealing, a raw 
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material of non-porous layer 5 is supplied in minute 
quantity so that pores on the layer surface are sealed to 
a further extent. 

[0151] In particular, the raw material supply is con- 
trolled so that growth rate becomes not more than 20 5 
nm/min.. preferably not more than 10 nm/min., and 
more preferably not more than 2 nm/min. 

(4) High temperature baking step 

10 

[0152] Heat treatment is implemented at a treat- 
ment temperature higher than in the aforementioned 
hydrogen baking step and/or minute amount-raw mate- 
rial supply step, and in a reducing atmosphere contain- 
ing hydrogen. is 
[0153] This will make it possible to cause the 
porous layer surface to undergo sufficient sealing as 
well as smoothing. 

[0154] A method of separating the multilayer struc- 
ture 100. the method includes a method in which 20 
stretching force, compressing force, and shearing force, 
etc. are applied and a fluid Is jetted. 
[01 55] As a fluid to be used, water, organic sotverrts 
such as ak:ohol, etc., and acids such as fluoric acid and 
nitric acid, etc., or alkalis such as potassium hydroxide. 25 
etc.. and others including fluids which operate to imple- 
ment selective etching the separation regions on can be 
used. Cool fluids with low temperatures, extremely coot 
liquid, a photon beam, and an electron beam can be 
used. 30 
[01 56] Moreover, as a fluki, gases such as air. nitro- 
gen gas. oxygen gas, carbon dioxide gas. and a rare 
gas, etc. may be used. A gas and a plasma which oper- 
ates for etching onto the separation region can be used. 
In the case where water is used in a form of jet stream. 35 
highly pure water such as pure water, and super pure 
water, etc. from which impurity metals or particles, etc. 
were removed can be used. 

[0157] In addition, the separation step is imple- 
mented by complete low temperature process so that 40 
after separation with water jet. particles attached on a 
wafer can sufficiently removed by cleaning. 
[01 5q Of cou rse, the above described various sep- 
aration methods may be used in a combination. 
[0159] In the case where residual portions 41 and 45 
42 of the porous layer need to be removed, such 
removal can be implemented by polishing, grinding, 
etching, or a combination thereof. 
[0160] As a method for polishing, chemical- 
mechanical polishing (CMP) is preferable. so 
[0161] Polishing agent at time of implementing 
CMP. polishing particles such as borosllicate glass, tita- 
nium dioxide, titanium nitride, aluminum oxide, iron 
nitrate, selenium dioxide, colloidal silica, silicon nitride, 
silicon carbide, graphite, and diamond, etc.. or grading 55 
particle liquid obtained by mixing these grading parti- 
cles and oxidizing agents such as H2O2. KIO3, etc. and 
alkali solutions such as NaOH, KOH, etc. can be used. 
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[0162] Incidentally, prior to bonding, the wafer 
undergoes heat treatment under an oxidizing atmos- 
phere so that an insulating layer 6 Is formed on a sur- 
face of a non-porous layer 5, then as In Figure 3A, the 
oxide film 6 can be fomied on a back surface as well as 
a side surface of the first wafer. 
[01 63] In addition, the first wafer (in Fig. 3B) obtain- 
able through the multilayer stmcture forming step and 
the separation step is repetltiously used as a first wafer 
in the process for producing SOIs, the oxide film 6 can 
be formed gradually thicker. 

[0164] Incidentally, in case of forming the separa- 
tion layer by anodization. an oxide film is peeled off 
once. Even in this case, an oxide film is formed again in 
the process for producing SOIs. 
[0165] In addition, one bulk wafer, which is obtaina- 
ble concun-ently with manufacturing n sheets of SOi 
wafer, has an oxide film on its side and/or surface, and 
therefore can be used as a bulk wafer with a back seal 
in a device process for a CMOS. etc. 
(01 6q Back seal is to prevent an impurity in a wafer 
from diffusing outward due to heat treatment during 
device forming onto the wafer. 
[0167] Of course, in some cases a back seal 
formed at one time of SOI manufacturing process on a 
side surface or a back surface of the first wafer could be 
sufficient, but it is preferably used for two times or more 
of SOI manufacturing steps. 

[01 68] Accordingly, for determining repeating times 
"n", it can be standardized for the determination 
whether or not thickness of a back seal to be formed on 
a side surface and back surface of the first wafer is the 
desired thickness. In case of forming the separation 
layer by ion implatation. since there is not necessarily 
need for removing an oxide film already formed on the 
surface of a wafer, the thickness of back seal becomes 
larger as the above-described "n". 
[01 69] 1 ncidentally, what is described in detail In the 
present embodiment so far will be of course applicable 
to a second embodiment onward. 

(Embodiment 2) 

[01 70] Fig. 4 Is a flow chart showing steps of proc- 
ess for producing wafers according to the second 
embodiment of the present Invention. 
[01 71] At first in step S20. a first wafer 1 comprising 
a bulk wafer such as a CZ silicon wafer and an FZ sili- 
con wafer, etc. is prepared, and a front layer of the first 
wafer undergoes diffusion method or ion Implantation 
method so that a single-crystalline semiconductor layer 
3 to which a dopant is added is formed thereon. As this 
single-crystalline semiconductor layer 3, P* layer prefer- 
ably has a boron density approximately of 1 x 10^^ cm* 
^tol x10^cm-f 

[01 72] In step S21 . a second wafer 2 made of a bulk 
wafer, etc. such as CZ silicon wafer, FZ silicon wafer, 
etc., to become a second member Is prepared. 
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[0173] The second wafer may be a wafer from 
which a semiconductor is exposed or may have an insu- 
lating film fonned on a surface thereof, or in stead of the 
second wafer, an insulating light-transmissiye substrate 
such as quartz glass may be used. 
[0174] In addition, a surface of the first wafer 1 of 
the single-crystalline semiconductor layer 3 undergoes 
anodization, etc. and made porous to form a porous 
layer 4. At this time, only a surface layer of the single- 
crystalline semiconductor layer 3 preferably is made 
porous so that a non-porous layer 10 approximately of 
100 nm to 20 M^i is left under the porous layer 4. 
[0175] Subsequently, in step S22, a non-porous 
layer 5 Is formed on a porous layer 4 so that the first 
member is fomfied. As a forming method of the non- 
porous layer 5. there is a method in which holes of the 
porous layer 4 are closed by hydrogen annealing so as 
to make the surface layer non-porous, or a method in 
which non-porous single-crystalline layer is formed by 
epitaxial growth. 

[0176] In addition, in accordance with necessity a 
surface of the non-porous layer 5 is oxidized and the like 
so that an insulating layer 6 is formed on the non-porous 
layer 5. In stead of heat-oxidizing, the insulating layer 6 
may be formed by CVD, sputtering, etc. In the present 
embodiment, the porous layer 4 will become a separa- 
tion layer. 

[0177] In step S23. a multilayer structure 100 is 
formed by bonding a surface of the insulating layer 6 of 
the first wafer 1 and a surface of the second wafer 2. At 
the time of bonding, the both wafer may be caused to 
come in contact under room temperature, and thereaf- 
ter undergo heat treatment to increase bonding 
strength, or may be bonded by anodic bonding. Other- 
wise, heat treatment may be implemented at the time 
when contact takes place. Moreover, in the bonding 
step, heat treatment, etc. may be implemented while the 
both wafers are placed under high pressure so as to 
come in tighter contact. 

[0178] In addition, it is also preferable that at least 
one of a pair of bonding surfaces is subjected to plasma 
treatment with oxygen, nitrogen, silicon, hydrogen, a 
rare gas, etc. so that the bonding surface is activated in 
advance. Moreover, bonding may take place by inter- 
posing an adhesive layer between them. 
[0179] In addition, in step S24, in the separation 
layer (the porous layer 4), a multilayer structure 100 is 
separated by the aforementioned method. The non- 
porous portion of the peeled first wafer maintains a 
wafer shape, and in some cases there exists a residual 
portion 41 of the porous layer on the separation surface. 
On the other hand, onto the second wafer 2. the non- 
porous layer 5 together with the insulating layer 6 are 
transferrred from the first wafer, and in some cases the 
second wafer has the residual portion 42 of the porous 
layer on its surface. 

[0180] In step S25, in accordance with necessity 
the residual portion 42 of the porous layer is removed. In 



the case where thickness of the residual portion 42 is 
comparatively thick, the residual portion 42 undergoes 
wet etching to be selectively removed by using a mixed 
liquid of fluoric acid, hydrogen peroxkto, and alcohol as 

5 an etchant. and thereafter a surface is smoothed by 
hydrogen annealing. In the case where thickness of the 
residual portion 42 is thin, the portion may undergo 
hydrogen annealing for smoothing treatment simultane- 
ously with removal of the residual portion 42 without 

10 conducting wet etching. Thus, highly value-added SOI 
wafers can be obtained. Of course, when practically any 
residual portion is absent, a step for removing the resid- 
ual portion 42 can be omitted. 
[0181] In step S26. the residual portion 41 on the 

15 wafer 1 (semiconductor substrate) after peeling off is 
removed by polishing, wet etching, hydrogen annealing, 
etc., and is smoothed. At this time, a non-porous layer 
1 0 is left on the wafer 1 . Steps S20 through S24 may be 
implemented subsequently. 

20 [0182] In addition, a non-porous layer 10 of the 
wafer 1 having this non-porous layer 10 is removed 
(Step S28) to give rise to a bulk wafer, and the wafer 1 
of a bu Ik wafer is used as a first wafer 1 of step S20. and 
again a process for producing SOI wafers in step S20 

25 through step S25 can be implemented. 

[0183] Re introduction of the wafer obtainable in 
step S26 or step 326 takes place (n-1) times and step 
S20 through step S25 are repeated "n" times and "n" 
seets of SOI wafer are obtained. 

30 [0184] In step S26 for the "n"-th use, the residual 
portion 41 on the wafer 1 (semiconductor substrate) 
after peeled off is removed by polishing, wet etching, 
hydrogen annealing, etc., and is smoothed so that a 
wafer having a non-porous layer 1 0 can be obtained. In 

35 addition, moreover, if the non-porous layer 10 is 
removed, the same bulk wafer as that in the first case 
will be obtained (Step S28). 

[0185] Moreover, in accordance with necessity, as 
shown in step S27, a surface of the wafer 1 after peeling 
40 may undergo epitaxial growth treatment to cause the 
epitaxial layer 7 made of a non-porous P-type single- 
crystalline semiconductor to be formed. Thus, an epi- 
taxial wafer is obtained. 

45 (Embodiment 3) 

[0186] Next, with reference to Fig. 4 again, a proc- 
ess for producing a wafer according to a third embodi- 
ment of the present invention will be described. 

50 [01 87] At first in step S20, a first wafer 1 comprising 
a bulk wafer such as a CZ silicon wafer, an FZ silicon 
wafer, etc. is prepared, and a surface layer thereof is 
subjected to epitaxial growth treatment so that a single- 
crystalline semiconductor layer 3 is formed thereon. 

55 This single-crystalline semiconductor layer 3 is prefera- 
bly P* layer with a boron density of approximately 1 x 
lO^^cm'^tol xio^cm'^ 

[01 88] In step S21 , a second wafer 2 made of a bulk 
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wafer, etc. such as CZ silicon wafer, and FZ silicon 
wafer, a wafer treated with hydrogen annealing, etc.. to 
become a second member is prepared. 
[0189] The second wafer may be a wafer from 
which a semiconductor is exposed or may have an insu- 5 
lating film formed on a surface thereof, or in stead of the 
second wafer, an insulating light-transmissive substrate 
such as quartz glass may be used 
[0190] In additton. a surface of an epitaxial layer 3 
of the first wafer undergoes anodization. etc. and made io 
porous to form a porous layer 4. At this time, only a sur- 
face of the epitaxial layer 3 preferably is made porous so 
that an epitaxial layer 1 0 of approximately 100 nm to 20 
fim is left under the porous layer 4. Of course, all the 
epitaxial layer 3 can be made porous or the epitaxial 15 
layer can be made porous in the depth of a thickness 
not smaller than that of the epitaxial layer. 
[0191] Subsequently, in step S22, a non-porous 
layer 5 is formed on a porous layer 4 so that the first 
member is formed. As a forming method of the non- 20 
porous layer 5, there is a method in which holes of the 
porous layer 4 are closed by hydrogen annealing so as 
to make the surface layer non-porous, or a method in 
which a non-porous single-crystalline layer Is formed by 
epitaxial growth. In addition, in accordance with neces- 25 
sity a surface of the non-porous layer 5 is oxidized and 
the like so that an insulating layer 6 is formed on the 
non-porous layer 5. in stead of heat-oxidizing, the insu- 
lating layer 6 may be formed by CVD and sputtering, 
etc. In the present embodiment, the porous layer 4 will 30 
become a separation layer. 

[0192] In step S23. a multilayer structure 100 is 
formed by bonding a surface of the insulating layer 6 of 
the first wafer 1 and a surface of the second wafer 2. At 
the time of bonding, the both wafers may be caused to 35 
come in contact under the room temperature, and there- 
after undergo heat treatment to increase bonding 
strength, or may be bonded by anode bonding. Further 
heat treatment may be implemented at the time when 
contact takes place. Moreover, in the bonding step, heat 40 
treatment, etc. may be implemented while the both 
wafers are placed under high pressure so as to come in 
tighter contact. 

[01 93] In addition, it is also preferable that either of 
a pair of bonding surfaces undergoes plasma treatment 45 
with oxygen, nitrogen, nitrogen, silicon, hydrogen, a rare 
gas. etc. so that the bonding surface is activated in 
advance. Moreover, bonding may take place by inter- 
posing an adhesive layer between them. 
[0194] In addition, in step S24, at the separation so 
layer (the porous layer 4), a multil^er structure 100 is 
separated by the aforementioned method. The non- 
porous portion of the peeled first wafer maintains a 
wafer shape, and in some cases there exists a residual 
portion 41 of the porous layer on the separation su rface. 55 
On the other hand, onto the second wafer 2, the non- 
porous layer 5 together with the insulating layer 6 are 
tranferred from the first wafer, and In some cases have 



the residual portbn 42 of the porous layer on its surface. 
[0195] In step S25, In accordance wKh necessity 
the residual portion 42 of the porous layer is removed. In 
the case where thickness of the residual portion 42 is 
comparatively thick, the residual portion 42 undergoes 
wet etching and is selectively removed by using a mixed 
liquid of fluoric acid, hydrogen peroxide, and alcohol as 
an etchant, and thereafter a surface is smoothed with 
hydrogen annealing. In the case where a thickness of 
the residual portion 42 is thin, the portion may undergo 
hydrogen annealing for smoothing treatment simultane- 
ously with removal of the residual portion 42 without 
undergoing wet etching. Thus, highly value-added SOI 
wafers can be obtained. 

[0196] In step S26. the residual portbn 41 on the 
wafer 1 (semiconductor substrate) after peeling is 
removed by polishing, wet etching, hydrogen annealing, 
etc.. and is smoothed. At this time, an epitaxial layer 10 
is left on the wafer 1. In addition, a wafer 1 having this 
epitaxial layer 1 0, or a wafer 1 from which a the epitaxial 
layer 10 is removed (Step S28) to give rise to a bulk 
wafer, is used as a first wafer 1 or a second wafer 2 of 
step S20, and again a process for producing SOI wafers 
in step S20 through step S25 is implemented. Reintro- 
duction of the wafer obtainable in step S26 or step S28 
takes place (n-1 ) times and step S20 through step S25 
are repeated "n" times and "n" sheets of SOI wafisr are 
obtained. 

[0197] in step S26 for the "n -th use, the residual 
portion 41 on the wafer 1 (semiconductor substrate) 
after peeling is removed by polishing, wet etching, 
hydrogen annealing, etc., and is smoothed so that a 
wafer having an epitaxial layer 10 can be obtained. 
Under this condition, the wafer undergoes hydrogen 
annealing so that a surface thereof is smoothed and the 
concentratbn of boron contained therein decreases due 
to outward diffusion and the layer 1 0 will become a P*- 
type single-crystalline semiconductor layer. This is a 
wafer with the same quality as that for so called P'epi- 
taxtal wafer. If there is no needs of actively diffusing out- 
ward, surface smoothing by way of polishing or short- 
time hydrogen annealing will give rise to a wafer with the 
same quality as that of a P*^ epitaxial wafer. 
[01 98] In addition, when the epitaxial layer 1 0 being 
removed, the same bulk wafer as that in the first case 
will be obtained (Step S28). 

[0199] Moreover, in accordance with necessity, as 
shown in step S27, a surface of the wafer 1 after peeling 
may undergo epitaxial growth treatment to cause the 
epitaxial layer? made of non-porous P-type single-crys- 
talline semiconductor to be formed. Thus, an epitaxial 
wafer is obtained. The epitaxial layer indues P' epitaxial 
layer, N epitaxial layer, etc. 

(Embodiment 4) 

[0200] Fig. 5 is a is a flow chart showing the steps 
of process for producing wafers according to the fourth 
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embodiment of the present invention. 
(0201] At first, in step S31 , a first wafer 1 compris- 
ing a bulk wafer such as a CZ silicon wafer and an FZ 
silicon wafer, etc.. and a second wafer 2 to become a 
second member are prepared. 5 
[0202] In this context, an insulating layer 6 is desir- 
ably formed by oxidizing and the like, a surface of the 
first wafer. The second wafer may be a wafer from which 
a semiconductor is exposed or may have an insulating 
film formed on a surface thereof, or in stead of the sec- io 
ond wafer, an insulating light -transmissive substrate 
such as quartz glass may be used. A sapphire substrate 
or SiC or diamond thin film will do as well. 
[0203] Subsequently, in step S32. ions selected 
from hydrogen, nitrogen, a rare gas such as He, Ar or is 
the like, water vapor, methane, hydrogenated-com- 
pound, etc. are implanted so that a layer 14 including a 
potential microcavities as a separation layer is formed at 
a predetermined-depth position. Thus, a non-porous 
layers of a single-crystaline semiconductor is left on the 20 
separation layer 1 4. Thus, the first member is formed. 
An ion-implanted layer denotes a layer forming micro- 
cavities due to aggregation. The separation using ion- 
implanted layer is described in, for example. U.S. Patent 
No. 5.374,564. 25 
[0204] In step S33, a multilayer structure 100 is 
formed by bonding a surface of the insulating layer 6 of 
the first wafer 1 and a surface of the second wafer 2. At 
the time of bonding, the both wafers may be caused to 
come in contact at the room temperature throughout the 3o 
treatment or to come in contact first at the room temper- 
ature and thereafter undergo heat treatment to increase 
bonding strength, or may be bonded by anode bonding. 
The heat treatment may be implemented at the same 
time when contact takes place. Moreover, in the bond- 35 
ing step, heat treatment, etc. may be implemented while 
the both wafers are placed under high pressure so as to 
come in tighter contact. In addition, bonding may take 
place by imerposing an adhesive layer between them. 
In addition, it is also preferable that any of a pair of 40 
bonding surfaces undergoes plasma treatment with 
oxygen, nitrogen, nitrogen, silicon, hydrogen, rare gas 
(Ar, Ne). anmonia, water vapor, etc. so that the bonding 
surface is activated in advance. 

[0205] In addition, in step S34. at the separation 45 
layer 14, a multilayer structure is separated by the afore- 
mentioned method. In the method of the present 
embodiment, at a temperature of not less than 500°C at 
the time of heat treatment in step S33, separation phe- 
nomena could take place concurrently with bonding. so 
[0206] The non-porous portion of the peeled first 
wafer maintains a wafer shape, and in some cases there 
exists a residual portion 141 of the separation layer 14 
on the separation surface. On the other hand, orto the 
second wafer 2, the non-porous layer 5 together with 55 
the insulating layer 6 are transferred from the first wafer, 
and in some cases there is the residual portion 142 of 
the separation layer 14 on that separation surface. 



[0207] in step S35, the reskiual portion 142 is 
removed. At this time, polishing may take place with tow 
polishing rate, and thereafter hydrogen annealing may 
take place. The portion may undergo hydrogen anneal- 
ing without polishing for smoothing treatment and simul- 
taneously the residual portion 142 may be removed. 
Thus, highly value-added SOI wafers can be obtained. 
[0208] In step S36, the residual portk>n 141 on the 
wafer 1 (semiconductor substrate) after peeling is 
removed by polishing, wet etching, hydrogen annealing, 
etc., and is smoothed. Thus, a bulk wafer is obtained. 
[0209] This bulk wafer is used as a first wafer 1 or a 
second wafer 2 of step S31. and again a process for 
producing SOI wafers in step S31 through step S35 is 
implemented. Reentry into a process for producing SOI 
wafers of the bulk wafer obtainable in step S36 takes 
place (n-1) times and step S31 through step S35 are 
repeated "n" times and n sheets of SOI wafer are 
obtained. 

[0210] In step S36 for the "n"-th use, the residual 
portion 141 on the wafer 1 (semiconductor substrate) 
after peeling is removed by polishing, wet etching, 
hydrogen annealing, etc., and is smoothed to obtain a 
bulk wafer. 

[0211] Moreover, in accordance with necessity, as 
shown in step S37, a surface of the wafer 1 after peeling 
may undergo epitaxial growth treatment to cause the 
epitaxial layer 7 made of a non-porous P-type single- 
crystalline semiconductor to be formed. Thus, an epi- 
taxial wafer is obtained. 

[02 1 2] A high-concemration P-type wafer is used as 
the first wafer 1 . and a P* single-crystaline layer is used 
as the epitaxial layer 7 so that a P" epi-ZP** substrate is 
formed in step S37. and hydrogen annealing is con- 
ducted in step S35 and then the high-concentration P"^ 
layer 5 is less concentrated due to outward diffusion to 
form an SOI wafer (P* layer). 

[0213] Formation of a separation layer 14 will be 
described in detail as follows. 

[0214] Ion implantation can be implemented by 
usage of a beam line ion imptantatbn apparatus and a 
process of plasma immersion ion implantation (Pill) 
which is described in International Publication Nos. 
W98/52216, WO99/061 10, and Proceedings 1998 IEEE 
international SOI Conference, Oct. 1998. 
[0215] As ion seeds to be implanted, hydrogen, 
water vapor, methane, hydrogenated-compound and 
rare gas such as He, Ar, Kr, Xe, etc. are used. 
[0216] In the case where hydrogen used, in addition 
to H*. H2* and H3* may be used. Not only positive ions 
but also negative ions such as H* are preferably used. In 
addition, these may be used in combinations. 
[0217] Dosage to be implanted could amount to not 
less than 10^^ and not more than 10^^ atmVcm^, and 
preferably not less than 10'* and not more than 10^^ 
atmVcm^. 

[0218] Energy for implantation within a range of 1 
KeV'to 1 MeV may be used. 
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[0219] Implantation can take place under a temper- 
ature within a range of •200*'C to 600°C. but the temper- 
ature is desirably a low temperature lower than 400^*0 
so that blister (convexity in a wafer surface due to micro- 
cavities prior to a bonding step, or flaking (peeling of a 5 
surface layer of a wafer) will not take place. 
[0220] Accordingly, also in the case where a multi- 
layer structure 100 is formed, a temperature for heat 
treatment is desirably not more than 400°C. 
[0221] Heat treatment in the case where a multi- 10 
layer structure undergoes heat treatment for separation 
takes place in a range of not less than 400''C and not 
more than 1000°C. and more preferably not less than 
400*'C and not more than SOO'C. 

[0222] In addition, the multilayer structure can be is 
separated with the already described fluid jet, or in com- 
bination of heat treatment and the fluid jet. 
[0223] As the fluid jet, a fluid such as high pressure 
water, etc., gases, etc. such as nitrogen gas, etc. and 
the already described fluid can be used. 20 
[0224] In the case where a fluid such as nitrogen 
gas. etc. is jetted to the vicinity of a separation layer 1 4. 
separation can take place even at a room temperature. 

(Embodiment 5) 2S 

[0225] Fig. 6 is a flow chart showing steps of proc- 
ess for producing wafers according to the fifth embodi- 
ment of the present invention. 

[0226] At first in step S40, a first wafer 1 comprising 30 
a bulk wafer such as a CZ silicon wafer, an FZ silicon 
wafer, etc. is prepared, and a surface layer thereof 
undergoes epitaxial growth treatment so that a single- 
crystal semiconductor layer 3 is formed thereon. 
[0227] in step S41 , a second wafer 2 made of a bulk 35 
wafer, etc. such as CZ silicon wafer, FZ silicon wafer, 
etc., to become a second member is prepared. 
[0228] The second wafer may be a wafer from 
which a semiconductor is exposed or may be have an 
Insulating film formed on a surface thereof, or in stead of 40 
the first wafer, may be an insulating light-transmissive 
substrate such as quartz glass. 
[0229] In addition, in accordance with necessity a 
surface of the epitaxial layer 3 is theremally oxidized 
and the like so that an insulating layer 6 is fonned. Sub- 45 
sequently, ions selected from hydrogen, nitrogen, rare 
gas, etc. are implanted so that a layer 14 including 
microcavities to become a separation layer is formed at 
a predetermined-depth position. Thus, non-porous layer 
5 of a single-crystalline semiconductor is left on the sep- so 
aration layer 14. Thus the first member is formed. Inci- 
dentally, for forming the separation layer 1 4, the method 
described in the embodiment 4 can be used. 
[0230] At this time, ions are preferably Implanted 
into the epitaxial layer 3 so that a non-porous epitaxial 55 
layer 10 of approximately 1 0 nm to 20 ^m is left under 
the separation layer 14. 

[0231] In step S43, a multilayer stmcture 100 is 



formed by bonding a surface of the insulating layer 6 of 
the first wafer 1 and a surface of the second wafer 2. At 
the time of bonding, the both wafers may be caused to 
come in contact under the room temperature throughout 
the treatment or to come in contact first the room tem- 
perature and thereafter undergo heat treatment to 
increase bonding strength, or may be bonded by anode 
bonding. The heat treatment may be implemented at 
the same time when contact takes place. Moreover, in 
the bonding step, heat treatment, etc. may be imple- 
mented while the both wafers are placed under high 
pressure so as to come in tighter contact. In addition, 
bonding may take place by interposing an adhesive 
layer between the first wafer and the second wafer. 
[0232] In additbn, it is also preferable that any of a 
pair of bonding~surfaces undergoes plasma treatment 
with oxygen, nitrogen, silicon, hydrogen, rare gas, etc. 
so that the bonding surface is activated In advance. 
[0233] In addition, in step S44. at the separation 
layer 1 4, a multilayer structure is separated by the afore- 
mentioned method. In the method of the present 
embodiment, at a temperature of not less than SOO^C at 
the time of heat treatment in step S33. separation phe- 
nomena could take place concurrently with bonding. 
[0234] The peeled first wafer 1 maintains a wafer 
shape without decreasing its thickness , and has a 
residual portion 141 of the separation layer 14 on the 
separation surface. On the other hand, onto the second 
wafer 2, the non-porous layer 5 together with the insu- 
lating layer 6 are transfrred from the first wafer, and has 
the residual portion 142 of the separation layer 14 on 
that separation surface. 

[0235] In step S45, the residual portion 142 is 
removed. 

[0236] At this time, polishing may take place with 
low polishing rate, and thereafter hydrogen annealing 
may take place. Othenwise, the portion may undergo 
hydrogen annealing for smoothing treatment simultane- 
ously with removal of the residual portion 142 without 
polishing. Thus, highly value-added SOI wafers can be 
obtained. 

[0237] in step S46. the residual portion 141 on the 
wafer 1 (semiconductor substrate) after peeling is 
removed by polishing, wet etching, hydrogen annealing, 
etc., and is smoothed. At this time, an epitaxial layer 10 
is left on the wafer 1. In addition, a wafer 1 having this 
epitaxial layer 10. or a wafer 1 . from which the epitaxial 
layer 10 is removed (Step S48) to give rise to a bulk 
wafer, is used as a first wafer 1 of step S40, and again a 
process for producing SOI wafers in step S40 through 
step S45 is implemented. Reintroduction of the wafer 
obtainable in step S46 or step S48 takes place (n-1 ) 
times and step S40 through step S45 are repeated "n" 
times and n sheets of SOI wafer are obtained. 
[0238] In step S46 for the "n"-th use, the residual 
portion 141 on the wafer 1 (semiconductor substrate) 
after peeling is removed by polishing, wet etching, 
hydrogen annealing, etc., and is smoothed so that a 
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wafer having an epitaxial )ayer 10 can be obtained. 
[0239] Under this' condition, the wafer undergoes 
h/drogen annealing so that a surface thereof is 
smoothed and. If boron concentration is high, borons 
contained therein decreases due to outward diffusion 
and the layer 1 0 will become a P~-type single-crystalline 
semiconductor layer. 

[0240] In addition, if the epitaxial layer 10 is 
removed, the same bulk wafer as that in the first case 
will be obtained (Step S48). 

[0241] Moreover, in accordance with necessity, as 
shown in step S47, a surface of the wafer 1 after peeling 
may undergo epitaxial growth treatment to cause the 
epitaxial layer 7 made of non-porous P-type single-crys* 
talline semiconductor to be formed. Thus, an epitaxial 
wafer is obtained. 

[0242] A high-concentratbn P-type wafer is used as 

the first wafer 1 and a P" single-crystalline layer is used 
as the epitaxial layer 7 so that a P" epi-/P* substrate is 
formed in step S47, and undergoes hydrogen annealing 
in step S45 and then the high-concentration P* layer 5 
decreases in boron concentration due to outward diffu- 
sion of borons to give rise to an SOI wafer (Player). Inci- 
dentally, in the present invention, a high-concentration 
P-type semiconductor wafer has a resistivity (specific 
resistance) of 0.001 - 0.5 Clem and a boron concentra- 
tion of approximately not less than 1x10^^ cm'^ and not 
more than 1 x 1 0^^ cm*^. 

(Embodiment 6) 

[0243] As a first substrate, a semiconductor sub- 
strate such as a silicon wafer is prepared. A semicon- 
ductor layer comprising other semiconductors which 
undergoes hetero-epitaxial growth is formed by way of a 
method such as CVD or molecule beam epitaxial 
growth on the semiconductor substrate. This semicon- 
ductor is SiGeorGe. 

[0244] On the other hand, as a second substrate, a 
silicon wafer is prepared. An insulating film such as an 
oxide film is formed on at least any one of a surface of 
the semiconductor layer and/or the second substrate 
surface 

[0245] The first substrate and the second substrate 
is bonded to obtained a multilayer structure. 
[0246] In the thus obtained multilayer structure, 
stress is concentrated on a hetero intersurface. that is. 
an intersurface between the first substrate and the sem- 
iconductor layer, and therefore the multilayer structure is 
configured to be apt to undergo peeling on this intersur- 
face. 

[0247] Accordingly, energy, which is given for the 
above-described separation, triggers separation of the 
multilayer structure, and the semiconductor layer is 
transferred onto the second substrate. Incidentally, the 
separation surface can fluctuate more or less, and, in 
accordance with necessity, undergoes flattening. The 
hetero-epitaxial layer is caused to grow again on the 



separated first substrate so that transference of the het- 
ero-epitaxial layer onto the second substrate is 
repeated a plurality of times and thereafter, the first sub- 
strate is diverted as a bulk wafer or an epi-wafer. 

(Manufacturing system) 

[0248] A manufacturing system (a manufacturing 
plant) appropriate for implementing a process for pro- 
10 ducing wafers of the present invention will be descrft)ed 
as follows. 

[0249] Fig. 7 is a schematic diagram showing an 
embodiment of a manufacturing system. As shown in 
Fig. 7, a first substrate (a wafer) 1 is conveyed to a proc- 

15 ess apparatus group 51 comprising an anodization 
apparatus, an epitaxial growth apparatus, an ion 
implantation apparatus, an oxidizing apparatus, etc. so 
as to undergo the aforementioned step S2. etc. 
[0250] The first substrate 1 on which a separation 

20 layer is formed is conveyed to a bonding apparatus 
group 52, and undergoes bonding wKh a second sub- 
strate (a wafer) 2 there so that a multilayer structure is 
obtained. 

[0251] The multilayer structure is conveyed to a 
25 separation apparatus group 53 including, for example, a 
water jet apparatus, a heat treatment apparatus, a 
wedge inserting apparatus, etc. and is separated there. 
[0252] The second substrate after separation is 
conveyed to a separatbn layer removing and surface 
30 smoothing apparatus group 54 including an etching 
apparatus, a polishing apparatus, a heat treatment 
apparatus, etc. and is treated to complete an SOI wafer 
20. 

[0253] On the other hand, the separated first sub- 
35 strate undergoes smoothing treatment with the appara- 
tus group 54, and then becomes a bulk wafer, or as a 
first substrate again, it is conveyed to the process appa- 
ratus group 51 . 

[0254] Thus manufacturing of SOI wafers are imple- 
40 mented required times ("n" times), and n sheets of SOI 
wafer are manufactured. 

[0255] After the "n^'-th separation, the separated 
first substrate undergoes smoothing treatment with the 
apparatus group 54, and is conveyed to the bulk ware or 

45 epitaxial apparatus 55 to u ndergo epitaxial growth treat- 
ment so that an epitaxial wafer 21 is completed. 
[0256] Incidentally, in the case where epitaxial 
growth treatment is implemented, operation of the epi- 
taxial apparatus 55 can coincide with operation of an 

50 epitaxial apparatus in the process apparatus group 51 
so that operation efficiency of epitaxial apparatuss can 
be improved. 

[0257] These SOI wafer 20 and epitaxial wafer 21 
(or bulk wafer) are conveyed to an inspection analyzing 
55 apparatus group 56 to undergo film thickness distribu- 
tion measurement, foreign matter particle density meas- 
urement, defect density measurement, etc., and then 
are packed in boxes by a packing-for-shipment appara- 
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tus group 57 for shipment. Reference numeral 58 
denotes a maintenance ansa, and reference numeral 59 
denotes a clean area for wafers to be conveyed. 
[0258] Fig. 8 shows a system to which a system in 
Fig. 7 is partially altered so that an SOI wafer 20 and an 5 
epitaxial wafer 21 (or a bulk wafer) to be obtained 
respectively undergo inspection and packing into boxes. 
[0259] Fig. 9 is a flow chart showing the inspection 
step of determining a destination of diversion of a first 
wafer after the "n"-th separation (that is, one wafer is io 
subjected to "n" times of use for the SOI manufacturing 
step). 

[0260] As shown in Fig. 9, at first after the "n^-th 
separation the first wafer undergoes surface foreign 
matter measurement (Step S50}. If light point deffects 15 
(for example, partk:les) on a wafer surface are not 
measured or are not more than a reference value, next 
surface roughness measurement is implemented based 
on a first standard (a low-level standard) (Step S51 ). 
[0261] When the first standard of surface rough- 20 
ness is fulfilled, surface roughness measurement is 
implemented based on a second standard (a standard 
higher-level than the first standard) (Step S52). 
[0262] When the second standard of surface rough- 
ness is fulfilled, determination on edge portions is 25 
implemented (Step S53). If there is no problem with 
respect to the edge portions, wafers are outputted as 
products for use as wafers for device fabrication, epi- 
wafers, high quality dummy wafers (Step S54). 
[0263] In the case where the surface foreign matter 30 
exceeds a reference value in step S50 or in the case 
where in step S51 surface roughness does not fulfill the 
first standard, re-surface-treatment inclusive of reclean- 
ing and repolishing, etc. is implemented (Step S55). 
[0264] After re-surface-treatment. in accordance 35 
with necessity, the wafer undergoes Inspections in steps 
S50 through S54 are implemented again, or is used as 
a wafer for dummy (Step S56). 
[0265] In addition, in the case where surface rough- 
ness does not fulfill the second standard in step S52, 40 
the wafer is used as a wafer for dummy (Step S56). 
[0266] If there is any problem with respect to edge 
determination in step S53, re-edge-treatment inclusive 
of edge polishing, etc. is implemented (Step S57). 
When specifications on edges do not matter, wafers are 45 
outputted as a product line as are, and are used as 
device wafers, epi-wafers, and high quality dummy 
wafers (Step S54). 

[0267] With reference to the drawings, embodi- 
ments of the present invention will be described in fur- so 
ther detail as follows. 

(Embodiment 7) 

[0268] Fig. 1 3 is a flow chart showing steps of proc- 55 
ess for producing wafers according to the seventh 
embodiment of the present invention. 
[0269] At first. In step S80. a first wafer 1 made of 



high-concentration P-type silicon wafer is prepared, and 
undergoes epitaxial growth to form a first epitaxial layer 

31 and a second epitaxial layer 32 which has higher 
density of impurity than the epitaxial layer 31 . 

[0270] In the present embodiment, high-concentra- 
tion P-type silicon wafer is used as a first wafer, which, 
of course, is not limited thereto. If steps described below 
can be implemented, an N-type silicon wafer can be 
used. 

[0271] It will be good if density of impurity of the epi- 
taxial layer 32 is higher than density of impurity of the 
epitaxial layer 31, and in particular a resistivity of the 
first epitaxial layer 31 fails within the range of 0.02 to 
10000 ncm, more preferably 0.1 to 100 ilcm, and a 
resistivity of the second epitaxial layer 32 falls within the 
range of 0.001 to 0.1 ncm. more preferably 0.005 to 
0.02 ncm so that the resistivity of the epitaxial layer 32 
is lower than the resistivity of the epitaxial layer 31. 
Specifying on basis of density of impurity, density of 
impurity of 1,3 x 10^^ ^.^^-3 ^2 x 10^® cm"^ specifies 
conductivity type of the first epitaxial layer and 2.5 x 
1 0^^ cm"^ to 1 .2 X 1 0^0 cm"^ specifies that of the second 
epitaxial layer. 

[0272] In step S81 , a second wafer 2 to become a 
second member made of a bulk wafer, etc. such as C2 
silicon wafer, FZ silicon wafer, etc. is prepared. The sec- 
ond wafer may be a wafer from which a semiconductor 
is exposed or may be one on a surface of which an insu- 
lating film is formed, or in stead of the second wafer, an 
insulating iight-transmissive substrate such as quartz 
glass may be used. 

[0273] In addition, the epitaxial semiconductor layer 

32 of the first wafer 1 and a portion of the epitaxial layer 
31 thereof undergo anodization, etc. is made porous to 
form a porous layer 4. • 

[0274] In spite that a current is constant at the time 
of anodizatbn, the epitaxial layers 31 and 32. which are 
thus mutually different in terms of density of impurity, 
can form porous layers having different porosity. 
[0275] In a porous layer 4, a portion where a porous 
portion of the first epitaxial semiconductor layer 31 has 
a higher porosity than a porous portion of the second 
epitaxial semiconductor le^er 32 and become vulnera- 
ble. At this time, porosity treatment is also preferably 
implemented so that a non-porous layer 10 of approxi- 
mately 100 nm to 20 nm is left under the porous layer 4. 
[0276] Forming epitaxial layers with different densi- 
ties of impurity will be described further as follows. 
[0277] An epitaxial growth layer is caused to be 
configured by two or more layers with at least one of 
composition, density of impurity, and kinds of an epitax- 
ial growth layer being changed (density of impurity is 
changed in the present embodiment) so that a porous 
layer to be formed in such epitaxial growth layer is 
caused to have a structure with two or more layers 
mutually different in terms of porosity. Thus if porosity in 
a porous layer can be controlled, a separation position 
in the porous layer may be specified in a separatbn step 



18 



35 



EP 1039 513 A2 



36 



after the later described bonding. 
{0278] It is desirable that a porous layer configura- 
tion comprises a layer with low porosity being disposed 
in a surface side and a porous layer with high porosity 
being disposed inside. The layer with low porosity in the 5 
surface side is necessary for a crystal property of non- 
porous single-crystalline layer being formed later to be 
improved. The layer with high porosity disposed inside, 
which is mechanically vulnerable, is a layer undergoing 
separation in a priotlzed fashion inside the layer with io 
high porosity, or in an interface of a layer in the vicinity 
of the layer with high porosity in the separation step. 
[0279] In addition, the first semiconductor layer 
itself may be divided into two layers and made porous 
so that a layer to operate as a separation layer and a is 
layer not made porous being left on the first substrate 
are formed. In that case, this formation Is conducted by 
varying an anodization current and the composition and 
concentration of an anodization solution. 
10280] In the case where a plurality of the first sub- 20 
strates are disposed in an anodization solution to form a 
porous layer, in some cases a silicon wafer is disposed 
in the anode side as a shield wafer. This is to prevent 
metal ions being melted out from the anode from being 
attached on a rear surface of the first substrate. In the 25 
case where two or more porous layers are formed with 
different current densities. In some cases a simitar con- 
figuration is formed on a surface of the shield wafer. 
[0281] If the shield wafer is used "m" times, 2m 
porous layers will be formed in the shield wafer and the 30 
porous layer will become extremely unstable. Accord- 
ingly, for example, a porous layer being formed in the 
shield wafer at (m+1)-th use is peeled off so as to scat- 
ter in a container, which is a problem. 
[0282] Especially, in the case where a layer with low 35 
porosity and a layer with high porosity are alternately 
formed, mechanical intensity will remarkably decrease 
compared with a case where porous layer with the same 
thickness are formed under a certain anodization condi- 
tions. That is, the times of use of the shield wafer are 40 
limited. 

[0283] Prior to formation of a porous layer, a layer 
having different composition, and different density of 
impurity, and of different kind, etc. is formed in the epi- 
taxial growth layer, and therefore, at least such a layer 45 
with low porosity and a layer with high porosity as 
described above can be formed without forming condi- 
tions (e.g. current density) of a porous layer during ano- 
dization being changed on purpose during formation of 
a porous layer. 50 
[0284] According to the present invention, configu- 
rations of a second and upper porous layers of the first 
substrate are determined by configurations of the epi- 
taxial growth layer formed on a surface of the first sub- 
strate in advance, and therefore, a current density 55 
applied to the shield wafer can be fixed, and life of the 
shield wafer can be extended. 
[0285] For example, from the side of the first wafer 



1 , a first porous layer having a first porosity, a second 
porous layer being disposed on the first porous layer 
and having a second porosity larger than the first poros- 
ity, and a third porous layer being disposed on the sec- 
ond porous layer and having a third porosity smaller 
than the second porosity are formed in this order. That 
is. among three porous layers, porosity in the middle 
porous layer (the second porous layer) is made the larg- 
est. 

[0286] In such a case, the separation surface can 
be specified inside the second porous layer or in the 
vicinity thereof so that defects entry to a non-porous 
layer 5 and the first wafer 1 can be preverrted. 
[0287] In the case where three layers or more of 
porous structure are formed, layers having different 
compositions, densities of impurity, and kinds matching 
With these porous layers should be formed and get 
ready for use. 

[0288] Subsequently, in step S82, a non-porous 
layer 5 is formed on a porous layer 4 so that the first 
member is formed. As a forming method of the non- 
porous layer 5. there is a method in which holes of the 
porous layer 4 are closed by hydrogen annealing to 
make the surface layer non-porous, or a method in 
which non-porous single-crystalline layer is formed by 
epitaxial growth. 

[0289] In addition, in accordance with necessity a 
surface of the non-porous layer 5 is oxidized and the like 
so that an insulating layer 6 is formed on the non-porous 
layer 5. In stead of heat-oxidizing, the insulating layer 6 
may be formed by CVD and sputtering, etc. In the 
present embodiment, the porous portion of the epitaxial 
semiconductor layer 31 will become a separation layer 
[0290] In step S83, a multilayer structure 100 is 
formed by bonding a surface of the insulating layer 6 of 
the first wafer 1 and a surface of the second wafer 2. At 
the time of bonding, the both wafers may be caused to 
come in contact at the room temperature, and thereafter 
undergo heat treatment to increase bonding intensity, or 
may be bonded by anode bonding. Or, contact may 
coincide with heat treatment. Moreover, in the bonding 
step, heat treatment, etc. may be implemented while the 
both wafers are placed under high pressure so as to 
come in tighter contact. Heat treatment is preferably 
implemented in an oxidizing atmosphere or an inert gas 
atmosphere (N2, Ar, etc.). 

[0291] In addition, it is also preferable that any one 
of a pair of bonding surfaces undergoes plasma treat- 
ment with oxygen, nitrogen, silicon, hydrogen, and rare 
gas. etc. so that the bonding surface is activated in 
advance. Moreover, bonding may take place by inter- 
posing an adhesive layer between them. 
[0292] In addition, in step S84, at the separation 
layer (the porous portion of the epitaxial semiconductor 
layer 31). a multilayer structure 100 is separated by the 
aforementioned method. The non-porous portion of the 
peeled first wafer maintains a wafer shape, and in some 
cases there exists a residual portion 41 (a part of a 
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porous portion of the epitaxial semiconductor layer 31 ) 
of the porous layer on the separation surface. On the 
other hand, onto the second wafer 2, the non-porous 
layer 5 together wtth the insulating layer 6 are trans- 
ferred from the first wafer, and. in some cases, there is 5 
the residual portion 42 (a porous portion of the epitaxial 
layer 32 and a part of a porous portion of the epitaxial 
semiconductor layer 31) of the porous layer on its sur- 
face. 

[0293] In step S85, the residual portion 42 is 10 
removed. In the case where thickness of the residueil 
portion 42 is comparatively thick, the residual portion 42 
undergoes wet etching and is selectively removed by 
using a mixed liquid of fluoric acid, hydrogen peroxide 
and alcohol as etchant, and thereafter a surface is rs 
smoothed with hydrogen annealing. 
[0294] In the case where thickness of the residual 
portion 42 is thin, the portion may undergo hydrogen 
annealing for smoothing treatment simultaneously with 
removal of the residual portion 42 without undergoing 20 
wet etching. Thus, highly value-added SOI wafers can 
be obtained. 

[0295] In step S66. the residual portion 41 on the 
wafer 1 (semiconductor substrate) after peeling ts 
removed by polishing; wet etching, hydrogen annealing, 25 
etc., and is smoothed. At this time, a low-concentration 
P-type eprtaxial layer 1 0 is left on the wafer 1 . The wafer 
1 having this epitaxial layer 1 0 is introduced into step 
S80 (after the low-concentration P-type epitaxial layer 
being formed in accordance with necessity) and a high- 30 
concentration epitaxial layer 32 Is formed. And again a 
process for producing SOI wafers in step 880 through 
step S85 is implemented. Reentry of the wafer obtaina- 
ble in step 886 takes place (n-1 ) times and step 880 
through 885 are repeated "n" times and n sheets of SOI 35 
wafer are obtained . 

[0296] In step 886 for the "n"-th use, the residual 
portion 41 on the wafer 1 (semiconductor substrate) 
after peeling is removed by polishing, wet etching, 
hydrogen annealing, etc., and is smoothed so that an 40 
epitaxial wafer having a low-concentration P-type epi- 
taxial layer 1 0 can be obtained. 
[0297] In particular, if a high-concentration P-type 
silicon wafer is used as the first wafer, and the epitaxial 
layer 31 has a concentration of an impurity controlling 45 
P-type conductivity lower than the first wafer, step 886 
will give rise to a p' epitaxial layer on the so-called P* 
substrate. Incidentally, a high-concentration P-type 
semiconductor wafer has a boron density of approxi- 
mately 1 X 10^^ to 1 x^Q^ cm-3 and a resistivity of so 
0.001 toO.Sncm. 

(Embodiment 8) 

[0298] Fig. 1 4 is a flow chart showing steps of proc- 55 
ess for producing wafers according to the second 
embodiment of the present invention. 
[0299] At first in step 890. a first wafer 1 comprising 



a high-concentration P-type silicon wafer is prepared, 
and a surface thereof undergoes epitaxial growth treat- 
ment so that an epitaxial layer 31 of a first conductive 
type and having a first resistivity (e.g., P") and an epitax- 
ial layer 32 of a second conductive type and having a 
second resistivity (n) are formed. In the present embod- 
iment, the epitaxial layer 32 will become an active layer 
at the side of the 801 wafer, and the epitaxial layer 31 
will become an active layer at the side of the epitaxial 
wafer The respective active l^ers can be produced 
with epitaxial growth in one series of step. The epitaxial 
layer 31 and the epitaxial layer 32 may have the same 
conductive type (P type or N type) if their densities of 
impurity are mutually different. 
[0300] I n step S91 . a second wafer 2 made of a bulk 
wafer, etc. such as CZ silicon wafer. FZ silicon wafer, 
etc., to become a second member is prepared. The sec- 
ond wafer may be a wafer from which a semiconductor 
is exposed or may a wafer having an insulating film 
formed on a surface ofthereof, or tn stead of the first 
wafer, may be an insulating light-transmissive substrate 
such as quartz glass. 

[0301] tn addition, a surface of the epitaxial layer 32 
of the first wafer is heat-oxidized and the like so that an 
insulating layer 6 is formed. Subsequently, ions selected 
from hydrogen, nitrogen, a rare gas. etc. are implanted 
so that a layer 14 including microcarities to become a 
separation layer is formed at a predetermined-depth 
position. Thus, non-porous layer 5 of a single-crystalline 
semiconductor is formed on the separation layer 1 4. 
Thus the first member is formed. 
[0302] At this time, ions are preferably implanted 
into the epitaxial layer 31 or/and the eprtaxial layer 32 so 
that a non-porous epitaxial layer 10 (a part of the epitax- 
ial layer 31) of approximately 10 nm to 20 ^m is left 
under the separation layer 14. 
[0303] Here, the separation layer 14 is formed so 
that an intersurface between the epitaxial layer 31 and 
the epitaxial layer 32 exists in the separation layer 14 
(that is. so that the separation layer is formed in the 
vicinity of the intersurface between the epitaxial layer 31 
and the epitaxial layer 32). 

[0304] In step 893. a multilayer stmcture 100 is 
formed by bonding a surface of the insulating layer 6 of 
the first wafer 1 and a surface of the second wafer 2. At 
the time of bonding, the both wafers may be caused to 
come in contact at the room temperature throughout the 
treatment or to come in contact first at the room temper- 
ature and thereafter undergo heat treatment to increase 
bonding intensity, or may be bonded by anode bonding. 
The heat treatment may be implemented at the same 
time when contact takes place. Moreover, in the bond- 
ing step, heat treatment, etc. may be implemented while 
the both wafers are placed under high pressure so as to 
come in tighter contact. In addition, bonding may take 
place by displacing an adhesive layer between them. In 
addition, it is also preferable that any one of a pair of 
bonding surfaces undergoes plasma treatment with 
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oxygen, nitrogen, silicon, hydrogen, rare gas, etc. so 
thai the bonding surface is activated in advance. 
(0305] In addition, in step S94, at the separation 
layer 14. a multilayer stmcture 100'is separated by the 
aforementioned method. At a temperature of not less 5 
than SOCC at the time of heat treatment in step S93. 
separation phenomena could take place concurrently 
with bonding. 

[0300] The peeled first wafer 1 maintains a wafer 
shape without decreasing its thickness. In some cases. io 
there exists a residual portion 141 of the separation 
layer 14 on the separation surface. On the other hand, in 
some cases, onto the second wafer 2, the non-porous 
layer 5 together with the insulating layer 6 are trans- 
ferred from the first wafer, and there is the residual por- 15 
tion 142 of the separation layer 14 on that separation 
surface. The residual portion 1 42 is removed so that an 
SOI wafer can be obtained. 

(0307] In step S96, the residual portion 141 on the 
wafer 1 (semiconductor substrate) after peeling is 20 
removed by polishing, wet etching, hydrogen annealing, 
etc., and is smoothed. At this time, an epitaxial layer 10 
formed in step S90 is left. The wafer 1 having this epi- 
taxial layer 10 is introduced Into step S90 (after the low- 
concentration P-type epitaxial layer being formed in 2S 
accordance with necessity) and the epitaxial layer 32 is 
formed. Again a process for producing SOI wafers in 
step S90 through step S95 is implemented. Reentry of 
the wafer obtainable in step S96 takes place (n-1 ) times 
and step S90 through S95 are repeated "n" times and 30 
"n" sheet of SOI wafer will be obtained. 
(0308] In step S96 for the "n"-th use, the residual 
portion 141 on the wafer 1 (semiconductor substrate) 
after peeling is removed by polishing, wet etching, 
hydrogen annealing, etc., and is smoothed so that an 35 
epitaxial wafer having a low-concentration P-type epi- 
taxial layer 10 can be obtained. 

(Manufacturing system) 

40 

(0309] A manufacturing system (a manufacturing 
plant) appropriate for implementing a process for pro- 
ducing wafers of the present invention will be described 
as follows. 

[0310] Fig. 15 is a schematic diagram showing an 45 
embodiment of a manufacturing system. As shown in 
Fig. 1 5, after two or more epitaxial layers are formed on 
a first substrate (a wafer) 1 , the substrate 1 is conveyed 
to a process apparatus group 51 comprising a anodiza- 
tion apparatus, an epitaxial growth apparatus, an ion so 
implantation apparatus, and an oxidizing apparatus, etc. 
so as to undergo the aforementioned steps, etc. 
[0311] The first substrate 1 on which a separation 
layer is formed is conveyed to a bonding apparatus 
group 52, and is bonded to a second substrate (a wafer) 55 
2 there so that a multilayer structure is obtained. 
[0312] The muftil£^er structure is conveyed to a 
separation apparatus group 53 including a water jet 



apparatus, a heat treatment apparatus, a wedge insert- 
ing apparatus, etc. and is separated there. 
[0313] The second substrate after separation is 
conveyed to a separation layer removal and surface 
smoothing apparatus group 54 including an etching 
apparatus, a polishing apparatus, a heat treatment 
apparatus, etc. to undergo treatment so that an SOI 
wafer 20 is completed. 

[0314] On the other hand, the separated first sub- 
strate undergoes smoothing treatment in the apparatus 
group 54, and then a bulk wafer as a first substrate 
again is conveyed to the process apparatus group 51 
after the epitaxial layer is formed in the epitaxial appara- 
tus. Thus manufacturing of SOI wafers are implemented 
for required times ("n" times), and "n" sheets of SOI 
wafer are manufactured. 

(0315] After the "n"-th separation, the separated 
first substrate undergoes smoothing treatment with the 
apparatus group 54, and an epitaxial wafer 21 is com- 
pleted (there is no need to newly implement epitaxial 
growth). 

[0316] These SOI wafer 20 and epitaxial wafer 21 
are conveyed to an inspection analyzing apparatus 
group 56 to undergo film thickness distribution meas- 
urement, foreign matter particle density measurement, 
defect density measurement, etc.. and then are packed 
in boxes by a packing-for-shipment apparatus group 57 
for shipment. Reference numeral 58 denotes a mainte- 
nance area, and reference numeral 59 denotes a clean 
area for wafers to be conveyed. 
(031 7] Fig. 1 6 shows a system to which a system In 
Fig. 1 5 is partially altered and in which an SOI wafer 20 
and an epitaxial wafer 21 to be obtained respectively 
undergo inspection and packaging into boxes. 
(031 8] Fig. 1 7 is a flow chart showing an inspection 
step of determining a destination of diversion of a first 
wafer after separation. 

(0319] As shown in Fig. 1 7. at first after separation 
the first wafer undergoes surface foreign matter meas- 
urement (Step S50). If surface foreign matter is not 
measured or is not more than a reference value, next 
surface roughness measurement is implemented based 
on a first standard (a low standard) (Step S51). When 
the first standard of surface roughness is fulfilled, sur- 
face roughness measurement is implemented based on 
a second standard (a standard higher than the first 
standard) (Step S52). When the second standard of 
surface roughness is fulfilled, determination on edge 
portions is implemented (Step S53). If there is no prob- 
lem with respect to the edge portions, wafers are out- 
putted as products and the first wafers are used as 
device wafers, epi-wafers. high quality dummy wafers 
(Step S54). 

[0320] In the case where the surface foreign matter 
exceeds a reference value in step S50 or in the case 
where surface roughness does not fulfill the first stand- 
ard in step S51. re-surface-treatment inclusive of 
recleaning. repolishing. etc. is implemented (Step S55). 
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After re-surface-treatment, in accordance with neces- 
sity, the wafer undergoes inspections in steps S50 
through S54 are implemented again, or is used as a 
wafer for dummy (Step S56). In addltbn. in the case 
where surface roughness does not fulfill the second 
standard in step S52, the wafer is used as a wafer for 
dummy (Step S56). 

[0321] If there is any problem with respect to edge 
determination in step S53, re-edge-treatment inclusive 
of edge polishing, etc. is implemented (Step S57). 
When specifications on edges do not matter, wafers are 
outputted as a product line as such, and are used as 
device wafers, epi-wafers, and high quality dummy 
wafers (Step S54). 

[0322] Incidentally, in the embodiments described 
so far, a device (such as an MOS devices, a capacitor, 
resistant, etc.) may be formed on a non-porous layer 5 
on the separation layer 4 of step S12 in Fig. 2 (or a non- 
porous layer 5 on the separation layer 14 of step S32 in 
Fig. 4). That Is, a device forming layer may be trans- 
ferred onto the second wafer. It is preferable to transfer 
the device forming layer onto the second wafer after an 
insulating layer Is formed on the device forming layer 
[0323] The examples of the present inventbn will 
be described as follows. 

(Example 1) 



A P-type first single-crystalline Si substrate 
with a resistivity of 0.01 to 0.02 A • cm was subjected to 
anodization in an HP solution. 
[0325] Anodization conditions were as follows: 



Current density: 
Anodization solution: 
Time: 

Thickness of porous Si: 



7 (mA • cm ) 
HF:H20:C2H50H=1:1:1 
11 (minutes) 
12(Hm) 



[0326] The porous Si is further used as a separa- 
tion layer in order to form a high-quaiity epitaxial Si 
layer, and thus respective functions are shared by one 
layer. Incidentally, the thickness of the porous Si layer 
can be suitably selected from an range of about 0.1 
micron to about 600 micron. 

[0327] This substrate was oxidized under oxygen 
atmosphere at 400°C for one hour This oxidization 
caused internal walls of pores of the porous Si to be 
covered with thermally oxidized film. Single-crystalline 
Si was epitaxially grown by 0.3 ^m thick on the porous 
Si. 

[0328] Growth conditions were as folbws: 



Source gas: 
Gas flow rate: 
Gas pressure: 
Temperature: 
Growth rate: 



SIH2CI2/H2 
0.5/180 l/min 
80 Torr 
gsO'^C 

0.15 ^m/min 



[0329] Incidentally, prior to epitaxial growth, the 
already described (2) hydrogen baking step, (3) minute 
amount-raw material supplying step, and (4) high tem- 
perature-baking step may be of course implemerrted. 
5 [0330] This can be applied to other examples con- 
ducting anodization. 

[0331] Moreover, this epitaxial Si layer surface was 
thermally oxidized to form Si02 layer of 1 00 nm thereon. 
[0332] In addition, the wafer was brought into con- 
10 tact with another silicon wafer with the same diameter 
from which a native oxidized film was removed, and 
heat treatment was conducted for bonding to form a 
muKilayer structure. 

[0333] A wedge made of a rigid body was inserted 
15 into a side surface of the multilayer structure to peel off 
the first substrate from the multilayer stnjcture. After 
peeling off, an epitaxial layer was transfen-ed onto the 
second substrate. 

[0334] The residual porous layer on epitaxial layer 
20 was removed by wet etching, and the epitaxial layer was 
treated with hydrogen annealing to obtain an SOI wafer 
[0335] On the other hand, the peeled su rface of the 
peeled first substrate was etched and/or polished to 
remove the residual porous layer, and a bulk wafer was 
25 obtained. Using this bulk wafer as a first single-crystal- 
line Si substrate, again the process for producing SOI 
wafers is implemented. Thus the process for producing 
SOI wafers is repeated five times and five SOI wafers 
are obtained. For example, by using this SOI wafer, a 
30 fully depletion-type thin film MOS transistor can be pro- 
duced. 

[0336] After the fifth peeling, the peeled surface of 
the first substrate (semiconductor substrate) was pol- 
ished to remove the residual porous layer and a bulk 

35 wafer was obtained. For example, by using this bulk 
wafer, a CMOS logic circuit can be produced. 
[0337] Of course, without forming a device. In addi- 
tion to sale of the produced SOI wafer, sale of the 
above-described bulk wafer may be conducted. Further, 

40 an eprtxial wafer produced on the basis of the bulk wafer 
may be sold. The same is applied to the other examples 
as described below. 
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(Example 2) 



[0338] A P-type first single-crystalline Si substrate 
with a resistivity of 0.01 to 0.02 Qcm was subjected to 
anodization in an HF solution. 

[0339] Anodization conditions (1 ) and (2) were as 
50 follows: 



(1): 

Current density: 
Anodizatbn solution: 
Time: 

Thickness of porous Si: 5.5 (^m) 



7 (mA • cm*^) 
HF:H20:C2H50H=1 :1 :1 
5 (minutes) ~ 
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(2): 

Current density: 
Anodization solution: 
Time: 

Thickness of porous Si: 



30 (mA-cm-2) 

HF:H20:C2H50H=1:1:1 
1 0 (seconds) 
0.2 (pjn) 



[0340] While the porous Si layer is caused to have 
two-layer configuration, the porous Si in the surface 
layer which first underwent anodization with low current 
(1) is used for forming a high quality epitaxial Si layer, 
and later, the porous Si in the lower layer which under- 
went anodization with high current (2) is used as a sep- 
aration layer so that their functions are separated 
respectively. 

[0341] Incidentally, a thickness of the low current 
porous Si layer is not limited hereto, and 600 fim to 

about 0.1 ^m can be used. In addition, a third layer and 
onward may be formed in advance after the second 
porous Si layer is formed. 

[0342] This substrate was oxidized under oxygen 
atmosphere at 400''C for one hour. This oxidization 
caused internal walls of pores of porous Si to be cov- 
ered with a thermally oxidized film. Single-crystalline Si 
was epitaxially grown by 0.2 ^m thick on the porous Si 
by way of CVD. 

[0343] Growth conditions were as follows: 



Source gas: 
Gas flow rate: 
Gas pressure: 
Temperature: 
Growth rate: 



SiHgCta/Ha 
0.5/180 l/min 
80 Torr 

0.3 fim/min 



[0344] Moreover, this epitaxial Si layer surface 
undenvent thermal oxidation so that SIO2 layer of 200 
nm was formed thereon. 

[0345] In addition, the layer was brought into con- 
tact with a silicon wafer with the same diameter from 
which a native oxidized film was removed, and under- 
went heat treatment under an oxidizing atmosphere for 
bonding to form a multilayer structure. 
[0346] Highly pressured water was jetted onto a 
side surface of the multilayer structure using a water jet 
apparatus so that the water was caused to insert into 
the multilayer structure like a wedge made of fluid and 
that the first substrate was peeled off from the multilayer 
structure. 

[0347] After peeling off, an epitaxial layer was trans- 
ferred onto the second substrate. 
[0348] The epitaxial layer undenwent wet etching so 
that the residual porous layer thereon was removed, 
and undenA^ent hydrogen annealing treatment so that 
an SOI wafer was obtained. 

[0349] On the other hand, the residual porous layer 
remaining on the separation surface of the first sub- 
strate which was separated was removed and a bulk 
wafer was obtained. Using this bulk wafer as a first sin- 
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gle-crystaliine Si substrate or a silicon wafer as a coun- 
ter part for bonding, again the process for producing 
SOI wafers is implemented. Thus the process for pro- 
ducing SOI wafers is repeated ten times and ten SOI 
wafers are obtained. Using this SOI wafer, a fully deple- 
tion-type thin film transistor was produced. 
[0350] The residual porous layer remaining on the 
separation surface of the first substrate (semiconductor 
substrate) after the tenth peeling was removed and a 
bulk wafer was obtained. Moreover, epitaxial growth 
was implemented so that an epitaxial wafer was 
obtained. 

[0351] Incidentally, in the case where an epitaxial 
wafer is used for producing a device, a rear surface-oxi- 
dized film for back shielding is normally formed on an 
opposite surface against the epitaxial layer side and on 
its side surfaces so that duffusion of impurity from the 
wafer to outside is prevented. 

[0352] In the present example, at the time when 
separation from the multilayer structure takes place, the 
back shield has already been formed on the rear sur- 
face and side surfaces of the epitaxial wafer, a forming 
step on a back seal during a device process may be 
omitted. The reason is that the step of oxidizing a sur- 
face of an epitaxial layer prior to a bonding step and a 
heat treatment on the occasion of bonding form a back 
shield on the rear surface and side surfaces of a wafer. 
For other examples, similar back shield effects can be 
obtained as well. 

[0353] Using this epitaxial wafer, a CMOS logic cir- 
cuit was produced. 

[0354] Incidentally, epitaxial growth on the porous 
Si and epitaxial growth on the first substrate after the 
separation step may be implemented with the same 
CVD apparatus so that operation efiiciency of an 
extremely expensive CVD apparatus is improved. 

(Example 3) 

[0355] P-type single-crystalline Si having a resistiv- 
ity of 0.01 5 n • cm was subjected to epitaxial growth by 
1 5 pm thick on the first single-crystalline Si substrate by 
way of CVD. Anodization was conducted on a surface of 
that substrate in an HP solution 
[0356] Anodization conditions were as follows: 



(1): 

Current density: 
Anodization solution: 
Time: 

Thickness of porous Si: 1 2 (^m) 



7 (mA • cm*^ 
HF:H20:C2H50H=1:1:1 
11 (minutes) 



(2): 

Current density: 
Anodization solution: 
Time: 



22 (mA'cm-2) 
HF:H20:C2H50H=1:1:1 
2 (minutes) 
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Thickness of porous Si: 3 (^m) 

[0357] While the porous Si layer is caused to have 
two'layer configuration, the porous Si in the surface 
layer which first underwent anodization with low current 
(1) is used to form high quality epitaxial Si layer, and the 
porous Si in the lower layer which later underwent ano- 
dization with high current (2) is used as a separation 
layer so that functions are separated respectively. This 
substrate was oxidized under oxygen atmosphere at 
400°C for one hour. This oxidization caused internal 
walls of pores of porous Si to be covered with a ther- 
mally oxidized film. Single-crystalline Si was epitaxially 
grown by 0.3 ^m thick on the porous Si by w£^ of CVD. 
[0358] Growth conditbns were as folbws: 

Source gas: SiH2Cl2/H2 

Gas flow rate: 0.5/1 80 l/min 

Gas pressure: 80 Torr 

Temperature: 950°C 

Growth rate: 0.3 ^m/min 

[0359] Moreover, this epitaxial Si layer surface 
undenvent thermal oxidation so that Si02 layer of 200 
nm was formed thereon. 

[0360] In addition, the layer was brought into con- 
tact with a silicon wafer with the same diameter from 
which a natural oxidized film was removed, and under- 
went heat treatment for bonding to form a multilayer 
structure. 

[0361] Highly pressured water was jetted onto a 

side surface of the multilayer structure by using a water 
jet apparatus so that the water was caused to insert into 
the multilayer structure like a wedge made of fluid and 
that the first substrate was peeled off from the multilayer 
structure. 

[0362] After peeling, an epitaxial layer was trans- 
ferred onto the second substrate. 
[0363] The epitaxial layer underwent wet etching so 
that the residual porous layer thereon was removed, 
and underwent hydrogen annealing treatment so that 
an SOI wafer was obtained. 

[0364] On the other hand, the residual porous layer 
remaining on the separation surface of the first sub- 
strate which was separated was removed and hydrogen 
annealing was implemented so that a bulk wafer was 
obtained. Using this bulk wafer as a first single-crystal- 
line Si substrate or as a silicon wafer for a counter part 
to be bonded, again the process for producing SOI 
wafers is implemented. Thus the process for producing 
SOI wafers is repeated 20 time and 20 SOI wafers are 
obtained. Using this SOI wafer, a partially depletion- 
type thin film transistor was produced. 
— [0365] The residual porous layer remaining on the 
separation surface of the first substrate (semiconductor 
substrate) after the twentieth peeling was removed and 
hydrogen annealing was implemented so that a bulk 
wafer was obtained. 



[0366] Using the obtained bulk wafer, a solar cell 
also could be formed. At first as shown in Fig. ISA, as 
that embodiment, a porous layer 4 was formed by way 
of anodization and thereafter ah epitaxial layer 5 was 

5 caused to grow. 

[0367] EpKaxial growth of this semiconductor film 5 
was implemented as folbws. In an atmospherk: pres- 
sure Si epitaxial growth apparatus, epitaxial growth was 
conducted for three minutes using SiH4 gas and B2He 

10 gas. a first semiconductor layer 503 by p'^Si in which 
10^® atoms/cm^ of Boron (B) was doped was formed. 
[0368] Next, Si epitaxial growth with altered B2H6 
gas flow rate was implemented for ten minutes so that a 
second semiconductor layer 502 by low-concentratk)n 

15 p*Si in whk:h 10^^ atoms/cm^ of Boron (B) was doped 
was formed. 

[0369] Moreover, supplying with PH3 gas in stead of 
BaHg gas. epitaxial growth was implemented for four 
minutes so that a third semiconductor layer 501 by n'^Si 
20 in which 10^® atoms/cm^ of phosphorous was highly 
densely doped was formed on the epitaxial semicon- 
ductor le^er 502. 

[0370] A semiconductor filrn 5 having p*y|37n* con- 
figuration comprising the first through third epitaxial 

25 semiconductor layers 501 through 503 was fonned. 
[0371] Next, in this example, an Si02 film, that is. a 
transparent insulating film 80 was formed by surface 
thermal oxidation on the semiconductor film 5, and pat- 
tern etching by way of photolithography was imple- 

30 mented so that contact with electrodes o r wi ring 8 1 was 
implemented. This wiring 81 keeps required intervals, 
and is formed in an extended stripes arranged in paral- 
lel, in the direction perpendicular to the paper surface of 
the drawing. 

35 [0372] Metal film forming this electrode or wiring 81 
can be configured by a multilayer structure film formed 
by, for example, Ti film with 30 nm thickness, Pd with 50 
nm thickness, and Ag with 1 00 nm thickness being sub- 
sequently evaporated, and further Ag being plated ther- 

40 eon. Thereafter, annealing was implemented at 400°C 
for 20 to 30 minutes. 

[0373] Next, respectively on stripe-shaped elec- 
trodes or wiring 81 , metal wires are connected along 
them as a conductive line 82, to which a transparent 

45 substrate 83 is bonded with a transparent adhesive 84. 
Joint of conductive line 82 with the electrode or wiring 
81 can be attained by soldering. And. one ends or the 
other ends of these conductive lines 82 are respectively 
extended from the electrode or wiring 81 to be lead out 

50 to outside. 

[0374] Thereafter, external force is given to the bulk 
wafer 1 and the transparent substrate 83 to set them 
mutually apart. Thin film semiconductor 86. which is 
separated by the porous layer 4. and has an epitaxial 

55 semiconductor film 5 jointed onto the transparent sub- 
strate 83, is obtained (Fig. 18B). 
[0375] In this case, a porous layer 41 remains on 
the rear surface, and silver paste is pained on this, and 
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moreover a metal plate is bonded to form the other rear 
eiectrode 85. Thus, the solar cell in which the thin film 
semiconductor 86 having p*/p'/n* configuration is 
formed on the transparent substrate 83 (Fig. 16C). This 
metal electrode 85 also functions as an element protect- 
ing film for a rear surface of a solar ceil. 
[0376] incidentally, a porous layer 4 can be the 
already described layers having different porosity. 

(Example 4) 

[0377] P-type single-crystalline Si having a resistiv- 
ity of 0.01 5 • cm was subjected to epitaxial growth by 
16 ^m thick on the first single-crystalline Si substrate by 
way of CVD. 

[0378] Anodization was conducted on a surface of 

that substrate in an HF solution. 

[0379] Anodization conditions were as follows: 



(1): 

Current density: 
Anodization solution: 
Time: 

Thickness of porous Si: 1 2 (^m) 



7 (mA ♦ cm"^) 
HF:H20:C2H50H=1:1:1 
11 (minutes) 



22 (mA • cm'^) 
HF:H20:C2H50H=1:1:1 
2 (minutes) 



(2): 

Current density: 
Anodization solution: 
Time: 

Thickness of porous Si: 3 (^m) 

[0380] While the porous Si layer is caused to have 
two-layer configuration, the porous Si in the surface 
layer which first underwent anodization with low current 
(1 ) is used to form high quality epitaxial Si layer, and the 
porous Si in the lower layer which later underwent ano- 
dization with high currerit (2) is used as a separation 
layer so that functions are separated respectively. 
[0381] This substrate was oxidized under oxygen 
atmosphere at 400°C for one hour. This oxidization 
caused internal waits of pores of porous Si to be cov- 
ered with a thermally oxidized film. Single-crystalline Si 
was epitaxially grown by 0.3 ^m thick on the porous Si 
by way of CVD. 

[0382] Growth conditions were as follows: 



Source gas: 
Gas flow rate: 
Gas pressure: 
Temperature: 
Growth rate: 



SiHgClg/Hg 
0.5/180 l/min 
80 Torr 
gsO'C 
0.3 Min/min 



[0383] Moreover, this epitaxial Si layer surface 
underwent thermal oxidation so that Si02 layer of 200 
nm was formed thereon. 

[0384] In addition, the layer was brought into con- 



tact with a silicon wafer with the same diameter from 
which a native oxidized film was removed, and under- 
went heat treatment for bonding to form a multilsyer 
structure. 

5 [0385] Highly pressured water was jetted onto a 
side surface of the muKilayer structure by using a water 
jet apparatus so that the water was caused to insert into 
the multilayer structure like a wedge made of fluid and 
that the first substrate was peeled off from the multilayer 
10 structure. After peeling, an epitaxial layer was trans- 
ferred onto the second substrate. 
[0386] The epitaxial layer underwent wet etching so 
that the residual porous layer thereon was removed, 
and underwent hydrogen annealing treatment so that 
15 an SOI wafer was obtained. 

[0387] On the other hand, since there existed a 
remaining epitaxial layer not made porous and a resid- 
ual portion of the porous layer on the peeled first sub- 
strate, the residual porous layer was removed and 
20 hydrogen annealing was implemented so that the sur- 
face was flattened. Using this bulk wafer as a first sin- 
gle-crystalline Si substrate or as a silicon wafer of a 
counter part for bonding, again the process for produc- 
ing SOI wafers is implemented. Since an epi-iayer of 1 
25 )j.m still remains, in the case where the wafer is used as 
a first substrate, the e pi-thickness of 0.01 5 ncm by CVD 
may be 15 ^m. Thus the process for producing SOI 
wafers is repeated 20 times and 20 SOI wafers are 
obtained. Using this SOI wafer, a complete depletion- 
type film transistor was produced 
[0388] The resklual porous layer remaining on the 
separation surface of the first substrate (semiconductor 
substrate) after the twentieth peeling was removed and 
hydrogen annealing was implemented so that boron in 
the residual epitaxial layer of one micron was diffused 
outward and a bulk wafer showing approximately the 
same performance as an epitaxial wafer was obtained. 
[0389] Using this bulk wafer, a CMOS logic circuit 
was produced. 

(Example 5) 

[0390] A first single-crystalline Si substrate was 
subjected to heat-oxidizatbn and Si02 layer of 200 nm 

45 thick was formed. 

[0391] Here, ion implantation of H* in 5 x 10^® cm'^ 
with 40 keV was implemented from the first substrate 
surface so that a projection range of ions covers Si sub- 
strate. Thus, the layer to operate as a separation le^er 

50 was formed at the depth of projection range as a micro- 
cabity layer or a strain layer being an implanted-ion 
high-concentration layer. 

[0392] In addition, the layer was brought into con- 
tact with a silicon wafer with the same diameter from 
55 which a native oxidized film was removed, and under- 
went heat treatment at 500°C for bonding to form a mul- 
tilayer structure, and at the same time the first substrate 
and the second substrate were separated. 
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[0393] A single-crystalline semiconductor layer was 
transferred onto the second substrate. 
[0394] The residual separatiori layer on the surface 
of the single-crystalline semiconductor layer transferred 
onto the second substrate undenwent hydrogen anneaU 5 
ing treatment to be removed and undenvent smoothing 
so that an SOI wafer was obtained. On the other hand, 
since there existed a residual portion of the separation 
layer on the peeled first substrate, the wafer undenwent 
hydrogen annealing treatment for removal of these and io 
undenvent smoothing so that a bulk wafer was 
obtained. Using this bulk wafer as a first single-crystal- 
line Si substrate or as a silicon wafer of a counter part 
for bonding, again the process for producing SOI wafers 
is implemented. Thus the process for producing SOI is 
wafers is repeated ten times and ten SOI wafers are 
obtained. Using this SOI wafer, a fully depletion-type 
thin film transistor was produced. 
[0395] Since there existed a residual portion of the 
separation layer on the first substrate (semiconductor 20 
substrate) after the tenth peeling, the wafer underwent 
hydrogen annealing treatment for removal of this and 
undenvent smoothing so that a bulk wafer was 
obtained. 

[0396] Using this bulk wafer, a CMOS logic circuit 25 
was produced. 

(Example 6) 

[0397] A single-crystalline Si was epitaxially grown 30 
by 1 ^m thick on the first single-crystalline Si substrate 
by way of CVD. 

[0398] Growth conditions are as follows: 



Source gas: 
Gas flow rate: 
Gas pressure: 
Temperature: 
Growth rate: 



SiHgClg/Hg 
0.5/180 l/min 
SOTorr 
950«C 
0.30 jim/min 



40 



[0399] Moreover, this epKaxial Si layer surface 
underwent thermal oxidation so that SiOg layer of 200 
nm was formed thereon. 

[0400] Here, ion implantation of H* in 5 x 10^® cm"^ 
with 40 keV was implemented from the first substrate 45 
surface so that a projection range of ions covers the epi- 
taxial layer Thus, the layer to operate as a separation 
layer was formed at the depth of projection range as a 
microcavfty layer or a strain layer being an implanted - 
ion high-concentration layer. so 
[0401] In additbn, the bonding surface of a silicon 
wafer (second substrate) having the same diameter on 
the surface of which an oxidized film was formed under- 
went nitrogen plasma treatment, and the first and the 
second substrates were brought into contact to bond 55 
them so that a multilayer structure was formed. In addi- 
tion, water jet was jetted onto the side face of this multi- 
layer structure so that the first substrate and the second 



substrate were separated from the side surface to the 
center. 

[0402] A single-crystalline semiconductor layer was 
transferred onto the second substrate. 
[0403] The residual separation layer on the surface 
of the epitaxial layer transferred onto the second sub- 
strate undenvent hydrogen annealing treatment to be 
removed and undenvent smoothing so that an SOI 
wafer was obtained. 

[0404] On the other hand, since there existed the 
epitaxial layer and a residual portion of the separation 
layer on the epitaxial layer in the peeled first substrate, 
the wafer underwent hydrogen annealing treatmerrt for 
removal of these and undenvent smoothing so that a 
bulk wafer was obtained. Using this bulk wafer as a first 
single-crystalline Si substrate or as a silicon wafer of a 
counter part for bonding, again the process for produc- 
ing SOI wafers is implemented. Thus the process for 
producing SOI wafers is repeated 20 times and 20 SOI 
wafers are obtained. Using this SOI wafer, a fully deple- 
tion-type thin film transistor was produced. 
[0405] Since there existed the epitaxial layer and a 
residual portion of the separatbn layer on the epitaxial 
layer on the first substrate (semiconductor substrate) 
after the twentieth peeling, the wafer underwent hydro- 
gen annealing treatment for removal of this and under- 
went smoothing so that a bulk wafer was obtained. This 
bulk wafer has on its surface the epitaxial layer treated 
with hydrogen annealing, and therefore shows approxi- 
mately the same perfomiance as an epitaxial wafer. 
[0406] Using this bulk wafer, a CMOS logic circuit 
was produced. 

(Example 7) 

[0407] A first single-crystalline Si substrate was 
subjected to heat-oxidization and SIO2 layer of 100 nm 
thick was formed. 

[0408] Here, ion implantation of H* in 5 x 10^® cm"^ 
with 30 keV was implemented from the first substrate 
surface so that a projection range of ions covers Si sub- 
strate. Thus, the layer to operate as a separation layer 
was formed at the depth of .projection range as a mcro- 
cavity layer or a strain layer being an implanted-ksn 
high-concentration layer 

[0409] Thereafter, the surface oxidized film was 
removed and on a surface of a single-crystalline Si, 
non-crystalline or poly crystalline Si or amorphous Si 
was grown by 0.30 jim thick with CVD, or bias-sputter- 
ing, etc. 

[0410] For example, growth conditions were as fol- 
lows: 

Source gas: SiH4 
Gas pressure: 760 Torr 
Temperature: 400'C 

[0411] Thereafter. Si02 was deposited by 200 nm 
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thick on its surface by way of CVD. 
(04121 in additionrthe layer was brought into con- 
tact with a silicon wafer with the same diameter from 
which a native oxidized film was removed, and under- 
went heat treatment at 600^0 for bonding to form a mul- 
tilayer structure, and thereafter the first substrate and 
the second substrate were separated. 
[0413] A single-crystalline or polycrystalline semi- 
conductor layer as a result of epitaxial growth was trans- 
ferred onto the second substrate. 
[0414] The residual separation layer on the surface 
of the single-crystalline semiconductor layer transfen-ed 
onto the second substrate was treated with hydrogen 
annealing to be removed and smoothed so that an SOI 
wafer was obtained. 

[0415] On the other hand, since there existed a 
residual portion of the separation layer in the peeled first 
substrate, the wafer underwent hydrogen annealing 
treatment for removal of this and undenvent smoothing 
so that a bulk wafer was obtained. Of course, in the 
present invention, prior to hydrogen annealing, a part or 
all of the residual portion may undergoes polishing or 
etching for removal. Using this bulk wafer as a first sin- 
gle-crystalline St substrate or as a silicon wafer of a 
counter part for bonding, again the process for produc- 
ing SOI wafers is implemented. Thus the process for 
producing SOI wafers is repeated ten times and ten SOI 
wafers are obtained. Using this SOI wafer, a fully deple- 
tion-type thin film transistor was produced. 
[0416] Since there existed a residual portion of the 
separation layer in the first substrate (semiconductor 
substrate) after the tenth peeling, the wafer undenvent 
hydrogen annealing treatment for removal of this and 
undenvent smoothing so that a bulk wafer was 
obtained. Of coulee, in the present invention, prior to 
hydrogen annealing, a part or all of the residual portion 
may undergoes polishing or etching for removal. 
[0417] Using this bulk wafer, a CMOS logic circuit 
was produced. 

(Example 8) 

[0418] A P-type first single-crystalline Si substrate 
with a resistivity of 0.01 to 0.02 n • cm was subjected to 
anodization in an HF solution. 
[0419] Anodization conditions were as follows: 



Current density: 
Anodization solution: 
Time: 

Thickness of porous Si: 



7 (mA • cm'^) 
HF:H20:C2H50H=1:1:1 

11 (minutes) 

12 (nm) 



[0420] This substrate unden^rent oxidization under 
oxygen atmosphere at 400°C for one hour. This oxidiza- 
tion caused internal walls of pores of porous Si to be 
covered with a thermally oxidized film. 
[0421] Here, ion implantation was implemented 
from the first substrate surface so that a projection 



range of tons covers porous Si layer (or porous Si/sub- 
strate intersurface may be fme). Thus, the layer to oper- 
ate as a separation layer was formed at the depth of 
projection range as a microcavity layer or a strain layer 
5 being an imptanted-ion high-concentration layer 

[0422] A single-crystalline Si was epitaxially grown 
by 0.2 ^m thick on the porous Si by way of CVD. 
[0423] Growth conditions were as follows: 

10 Source gas: SiH2Cl2/H2 
Gas flow rate: 0.5/180 l/min 
Gas pressure: 80 Torr 
Temperature: 950°C 
Growth rate: 0.3 ^m/min 

15 

[0424] Moreover, this epitaxial Si layer surface was 
subjected to thermal oxidation so that Si02 layer of 200 
nm thick was formed thereon. 

[0425] In addition, the layer was brought into cpn- 
20 tact with a silicon wafer with the same diameter from 
which a native oxidization film was removed, and under- 
went heat treatment for bonding to form a multilayer 
structure. 

[0426] Highly pressured water was jetted onto a 
25 side surface of the muKllayer structure by using a water 
jet apparatus so that the water was caused to insert into 
the multilayer structure like a wedge made of fluid and 
that the first substrate was peeled off from the multilayer 
.. structure. 

30 [0427] After peeling, an epitaxial layer was trans- 
ferred onto the second substrate. 
[0428] The epitaxial layer undenvent wet etching so 
that the residual porous layer thereon was removed, 
and undenvent hydrogen annealing treatment so that 

35 an SOI wafer was obtained. 

[0429] On the other hand, the residual porous layer 
remaining of the peeled surface of the first substrate 
which is peeled is removed so that a bulk wafer is 
obtained. Using this bulk wafer as a first single-cry stal- 

40 line Si substrate or as a silicon wafer of a counter part 
for bonding, again the process for producing SOI wafers 
is implemented. Thus the process for producing SOI 
wafers is repeated 5 times and 5 SOI wafers are 
obtained. Using this SOI wafer, a fully depletion-type 

45 thin film transistor was produced. 

[0430] The peeled surface of the first substrate 
(semiconductor substrate) after the fifth peeling under- 
went epitaxial growth so that a bulk wafer was obtained. 
In this case, epitaxial growth may be implemented after 

50 the residual porous layer is once removed. Using this 
epitaxial wafer, a CMOS logic circuit was produced. 

(Example 9) 

55 [0431] A P-type first single-crystalline Si substrate 
with a resistivity of 0.01 n • cm was subjected to anodi- 
zation in an HF solution. 

[0432] Anodization conditions were as follows: 
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Current density: 
Anodization solution: 
Time: 

Thickness of porous Si: 



7 (mA • cm*^) 
-HF:H20:C2H50H=1:1:1 
12 (minutes) 
11 (urn) 



[0433] This substrate was oxidized under oxygen 
atmosphere at 400''C for one hour. This oxidization 
caused internal walls of pores of porous Si to be cov- 
ered with a themally oxidized film. Single-crystalline Si 
was epitaxially grown by 0.2 ^m thick on the porous Si 
by way of CVD. 

[0434] Growth conditions were as follows: 



Source gas: 
Gas flow rate: 
Gas pressure: 
Temperature: 
Growth rate: 



SiHgCiyHz 
0.5/180 l/min 
80 Ton' 
950-C 
0.3 ^m/min 



[0435] Moreover, this epitaxial Si layer surface was 
subjected to thermal oxidiation to form Si02 layer of 200 
nm thick thereon. 

[0436] Here, ion implantatioiT'was implemented 
from the first substrate surface so that a projection 
range of ions covers epitaxial layer/porous Si intersur- 
face (or porous Si/substrate intersurface or inside of 
porous Si layer may be good). Thus, the layer to operate 
as a separation layer was formed at the depth of projec- 
tion range as a microcavity layer or a strain layer being 
an iniplanted-ion high-concentration layer 
[0437] In addition, the layer was brought into con- 
tact with a silicon wafer with the same diameter from 
which a native oxidized film was removed, and under- 
went heat treatment at 1000''C for bonding to form a 
multilayer structure, and thereafter the multilayer struc- 
ture was separated. 

[0438] After peeling, the epitaxial layer was trans- 
ferred onto the second substrate. 
[0439] Since there was little porous layer left on the 
epitaxial layer, the wafer did not undergo wet etching, 
but undenvent only hydrogen annealing treatment so 
that an SOI wafer was obtained. 
[0440] On the other hand, the peeled surface of the 
peeled first substrate was polished so that a bulk wafer 
was obtained. Using this bulk wafer as a first single- 
crystalline Si substrate or as a silicon wafer of a counter 
part for bonding, again the process for producing SOI 
wafers is implemented. Thus the process for producing 
SOI wafers is repeated ten times and ten SOI wafers 
are obtained. Using this SOI wafer, a fully depletion- 
type thin film transistor was produced. 
[0441] The peeled surface of the first substrate 
(semiconductor substrate) after the tenth peeling under- 
went polishing so that a bulk wafer was obtained. Using 
this bulk wafer, a CMOS logic circuit was produced. 
[0442] In stead of bonding the second substrates in 
these Examples, rolycrystalline silicon with about 200 
micron to about 800 micron by way of deposition 



method such as CVD. etc. may be formed on the outer- 
most surface of the first substrate. Other than these 
Examples, an integrated structure is divided into a plu- 
rality of members, which may be diverted, and caused 
5- to function respectively as unique wafers. 

(Example 10) 

[0443] P'-type single-crystalline Si of 1 8 12 • cm was 
10 epitaxially grown by 1 ^m thick on the so-called P* first 
single-crystalline Si substrate of a resistivity 0.01 to 
0.02 n • cm by way of CVD. 
[0444] Growth condit»ns were as fblbws: 

15 Source gas: SiH2CiyH2 
Gas flow rate : 0.5/1 80 t/min 
Gas pressu re : 80 Torr 
Temperature: SBCC 
Growrth rate: 0.30 ^im/min 

20 

[0445] Moreover, this epitaxial Si layer surface 
undenwent heat-oxidization so that SO2 layer of 200 nm 
thick was formed thereon. 

[0446] Here, ion implantation of H* in 5x10^* cm*^ 

25 with 40 keV was implemented from the first substrate 
surface so that a projection range of ions covers the epi- 
taxial layer Thus, the layer to operate as a separation 
layer was formed at the depth of projection range as a 
microcavity layer or a strain layer being an implanted- 

30 ion high-concentration layer. 

[0447] In addition, the bonding surface of a silicon 
wafer (second substrate) having the same diameter on 
the surface of which an oxidized film was formed under- 
went nitrogen plasma treatment, and the first and the 

35 second substrates were brought into contact to bond 
them so that a multilayer structure was formed. In addi- 
tion, water jet was jetted onto the side surface of this 
multilayer structure so that the first substrate and the 
second substrate were separated from the side surface 

40 to the center. 

[0448] A single-crystalline semiconductor layer was 
transferred onto the second substrate. Incidentally, 
bonded substrates may undergo heat treatment at 
about 400 to about 600**C and be separated. 

45 [0449] The residual separation layer on the surface 
of the epitaxial layer transferred onto the second sub- 
strate undenvent hydrogen annealing treatment to be 
removed and undenvent smoothing so that an SOI 
wafer was obtained. 

50 [0450] On the other hand, since there existed the 
epitaxial layer and a residual portion of the separation 
layer on the peeled first substrate, the wafer undenvent 
hydrogen annealing treatment to remove these and the 
first substrate is smoothed so that a bulk wafer was 

55 obtained. Using this bulk wafer as a first single-crystal- 
line Si substrate or as a silicon wafer of a counter part 
for bonding, again the process for producing SOI wafers 
is implemented. Thus the process for producing SOI 
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wafers is repeated 20 times and 20 SOI wafers are 
obtained. Using this SOI wafer, a fuiiy depletion-type 
thin film transistor was produced. Thus, by way of the 
above described method of ion implantation. P* sub- 
strate could be used also in the case where an SOI sub- 
strate is produced. 

[0451] Since there existed the epitaxial layer and a 
residual portion of the separation layer on the epitaxial 
layer on the first substrate (semiconductor substrate) 
after the twentieth peeling, the wafer undenivent hydro- 
gen annealing treatment to remove this and was 
smoothed so that a bulk wafer was obtained. This bulk 
wafer has on its surface the epitaxial layer underwent 
hydrogen annealing, and therefore shows approxi- 
mately the same performance as an epitaxial wafer 

(Example 11) 

[0452] On the surface of a first P-type single-crys- 
talline Si substrate, an epitaxial growth layer of 3 ^m 
thick was formed by way of CVD. At that time, the den- 
sity of diborane to be added as dopant was made to be 
variable, and a p'^'^Si layer with a resistivity of 0.015 
ncm was formed by 2\im at the surface side, and imme- 
diately thereunder a p'^Si layer with a resistivity of 0.5 
ncm was formed. 

[0453] The layer in which this epitaxial layer was 
formed was subjected to anodization in a mixed solution 
of an HF solution and ethanol. 
[0454] Anodization conditions were as follows: 



Current density: 
Anodization solution: 
Time: 



7 (mA • cm"^ 
HF:H20:C2H50H=1:1:1 
3 (minutes) 



[0455] Section observation by scan-type electronic 
microscope having highly resolution capability con- 
firmed that this anodization served to form a porous 
layer with a low porosity of approximate 20% In 2 ^un 
depth from the surface and a porous thin layer which 
was vulnerable in structure with a porosity of approxi- 
mately 50% in 0.5 fim depth from the surface among 
layers corresponding to p* Si layer thereunder. 
[0456] This wafer was treated under oxygen atmos- 
phere at 400^0 for one hour, and thereafter dipped into 
the HF solution of 1.25% for 30 seconds, then the 
extremely thin silicon film formed on the surface was 
removed, and the wafer was conveyed into the epitaxial 
growth apparatus so that the single-crystalline Si was 
epitaxially grown by 0.3 ^xm thick with CVD (Chemical 
Vapor Deposition) method. 
[0457] Growth conditions were as follows: 



Source gas: 
Gas flow rate: 
Gas pressure: 
Temperature: 
Growth rate: 



SiHgClg/Hj 
0.2/180 l/min 
760 Torr 
1060°C 
0.15 Kim/min 



[0458] incidentally, prior to epitaxial growth, the 
already described (2) hydrogen baking step. (3) minute 
amount-raw material supplying step, and (4) high tem- 
perature-baking step may be of course implemented. 

5 [0459] Moreover, this epitaxial Si layer surface 
undenvent thermal oxidation so that Si02 layer of 200 
nm thick was formed thereon. 
[0460] The Si02 layer surface was overlapped with 
a surface of a separately prepared Si substrate (a sup- 

10 porting substrate) so that they came in contact, and 
thereafter undenvent annealing at HSO^'C for 5 min- 
utes, whereby bonding become intensive. 
[0461] When the bonded wafers were separated, 
separation took place in the high porous layer. Separa- 

15 tion method includes a method to apply external pres- 
sure with such as pressing, tension, shearing, wedge, 
etc., a method applying ultrasonic wave, a method 
applying heat, a method causing the porous Si to 
expand by oxidization from circumference to apply inter- 

20 nal pressure to inside the porous Si. a method injecting 
water jet and a method to heating in a puise-like fashion 
to apply thermal stress or give rise to softness, etc. Any 
of those methods could cause separation. 
[0462] Subsequently, the supporting substrate side 

25 was dipped into a mixed solution of HF, hydrogen perox- 
ide and water, the residual porous silicon layer on the 
surface of the substrate was removed in about 60 min- 
utes so that an SOI wafer was formed. 
[0463] Moreover, in hydrogen atmosphere, heat 

30 treatment was Implemented at 1 1 0O^'C for four hou rs. 
[0464] Assessing surface roughness with an atomic 
force microscope, root-mean-square roughness in a 
square region of 50 urn was 0.2 nm, which was equiva- 
lent to the Si wafers normally put on the market. Simi- 

35 larly crystal defect density was measured, and stacking 
faults density was 50 cm^. 

[0465] That is, a low defect density single-crystal- 
line Si layer could be formed on the Si oxidized film. 
[0466] When the oxidized film was formed not on an 
40 epitaxial layer surface, but on a second substrate sur- 
face or on the both of them, similar results were 
obtained. 

[0467] The residual porous layer on the first sub- 
strate side was dipped into a mixed solution of HF, 

45 hydrogen peroxide, and water, and was removed in 
about 30 minutes, and the first substrate having an epi- 
taxial layer not made porous was obtained. Onto this 
substrate, in accordance with necessity, p^^Si layer is 
formed after p*Si layer is formed. And again, the proc- 

50 ess for producing SOI wafers is implemented. Thus the 
process for producing SOI wafers is repeated 20 times 
and 20 SOI wafers are obtained. 
[0468] The residual porous layer remaining on the 
peeling surface of the first substrate (semiconductor 

55 substrate) after the twentieth peeling was removed and 
an epitaxial wafer was obtained. 
[0469] Using this epitaxial wafer, a CMOS logic cir- 
cuit was produced. 
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(Example 12) 

[0470] A single-crystalline Si was epitaxially grown 
by 1 \jim thick on the first single-crystalline Si substrate 
by way of CVD. 

[0471] Growth conditions were as follows: 



Source gas: 
Gas flow rate: 
Gas pressure: 
Temperature: 
Growth rate: 



SiH2Cl2^H2 
0.5/180 l/min 
80Torr 
950'C 
0.30 fim/min 



[0472] A P" layer of 1 ncm was formed with B2H6 as 
dopant at the initial 0.5 micron thick, and an N* layer of 
1 ncm was formed w'rth PH3 as dopant by 0.5 micron 
thick at the surface side. 

[0473] Moreover, this epitaxial Si layer surface 
underwent thermal oxidation so that Si02 layer of 200 
nm thick was formed thereon. 

[0474] Here, ion implantation of H* in 5 x 1 0^^ cm'^ 
with 70 keV was implemented from the first substrate 
surface so that a projection range of ions covers epitax- 
ial layer. Thus, the layer to operate as a separation layer 
was formed at the depth of the projection range, in this 
case in the vicinity of P7N* intersurface, as a microcavity 
layer or a strain layer being an implanted ion high-con- 
centration layer. 

[0475] In addition, the bonding surface of a silicon 
wafer (a second substrate) having the same diameter 
on the surface undenwent nitrogen plasma treatment, 
and the first and the second substrates were brought 
into contact for bonding so that a multilayer structure 
was formed. Here, heat treatment may be implemented 
at about 200°C. 

[0476] I n addition, water jet was jetted 0 nto the side 
surface of this multilayer structure so that the first sub- 
strate and the second substrate were separated from 

the side surface to the center 

[0477] For the separation method, otherwise even 
by using heat treatment at 500^0, separation also took 
place due to crystal rearranging operation or pressure 
operation inside microcavities. 
[0478] N* single-crystalline semiconductor layer 
was transfen^ed onto the second substrate. 
[0479] The residual separation layer on the surface 
of the epitaxial layer transferred onto the second sub- 
strate undeoA^ent hydrogen annealing treatment to be 
removed and underwent smoothing so that an SOI 
wafer was obtained. In stead of hydrogen annealing, 
touch polishing could produces similar SOI wafers. 
Using this SOI wafer, a partially depletion-type thin film 
transistor was produced. 

[0480] On the other hand, since there existed the P' 
epitaxial layer and a residual portion of the separation 
layer on its surface in the peeled first substrate, the 
residual separation layer was removed, and again N" 
layer was epitaxially grown, and the process for produc- 



ing SOI wafers was Implemented. This process for pro- 
ducing SOI wafers was repeated five times and five SOI 
wafers are obtained. After the fifth separation, the resid- 
ual separation layer on the separation surface of the first 

5 single-crystalline Si substrate was removed so that an 
epi-wafer having P'epitaxial layer was obtained. While 
the surface roughness was removed with hydrogen 
annealing, the surface was smoothed so that an epi- 
wafer was obtained. In stead of hydrogen annealing, .. 

10 touch polishing could provide a similar epi-wafer. Since 
this bulk wafer has the epitaxial layer treated with hydro- 
gen annealing on its surface, it shows approximately the 
same performance as an epitaxial wafer. Using this epi- 
wafer, DRAM, etc. was formed and improvement in 

IS quality, yield, and reliability could be confirmed. Here, if 
P"^ substrate is used as the first Si wafer, the product will 
become a most widely used epi-wafer as P'opitaxial/P"^ 
epitaxial wafer. Using this epi-wafer, a CMOS k>gic cir- 
cuit was produced. 

20 

(Example 13) 

[0481] A surface of a first single-crystalline Si sub- 
strate was subjected to anodizatbn in an HF solution. 
25 Anodization conditions were as follows: 

[0482] Forming condittons of the top surface layer 
of a first porous layer to be produced first: 



Current density: 
30 Anodization solution: 
Time: 

Thickness of porous Si: 



1 (mA*cm"2) 
HF:H20:C2H50H=1:1:1 
0.1 (minutes) 
0.2 (^m) 



[0483] Forming conditions of a second porous layer 

35 to be produced next: 



Current density: 
Anodization solution: 

Time: 

40 Thickness of porous SI: 



50 (mA • cm*^ 
HF:H20:C2H50H=1:1 :1 
1 5 (seconds) 

0.3 (^m) 



[0484] Forming conditions of a third porous layer to 
be produced last: 



45 Current density: 
Anodization solution: 
Time: 

Thickness of porous Si: 



7 (mA ♦ cm'2) 
HF:H20:C2H50H«1:1:1 
1 (minute) 
1(^m) 



50 [0485] By the above anodization. the porosity of the 
second porous Si layer thicker than the first porous layer 
becomes larger than that of other porous Si layers, and 
will become vulnerable in structure. 
[0486] This substrate underwent oxidization under 

55 oxygen atmosphere at 400° C for one hour. This oxidiza- 
tion caused internal walls of pores of porous SI to be 
covered with a heat-oxidized film. After the wafer was 
disposed in hydrogen atmosphere of an epitaxial appa- 
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ratus, this wafer was baked at 1040°C for 5 minutes. 
This heat treatment (baking) served to fill surface cavi- 
ties of the porous Si. And. the top surface layer, that is 
the first porous SI layer formed under current density of 
1 mA'cm*^ became non-porous due to migration of Si 
atoms. 

[0487] Subsequently, on the porous Si having a 
non-porous surface, single-crystaline Si was epitaxially 
grown by 0.3 ^m thick with CVD (Chemical Vapor Dep- 
osition). The growth conditions were as follows. Inciden- 
tcUly. prior to growth of single-crystalline Si. the already 
described hydrogen baking step, minute amount-raw 
material supplying step, and high-temperature baking 
step may be implemented. 



Source gas: 
Gasflcwv rate: 
Gas pressure: 
Temperature: 
Growth rate: 



SiHgClg/Hg 

0.0083A3LyS(0.5/180 t/min) 

1.07x10*Pa(80Torr) 

QSO'C 

0.30 ^im/min 



[0488] Incidentty, the epitaxial growth step con- 
ducted under the above conditions may be omitted. 
[0489] Moreover, this epitaxial Si layer surface 
underwent thermal exidation so that Si02 layer of 200 
nm thick was formed thereon. 

[0490] The Si02 layer surface was overlapped with 
a surface of a separately prepared Si substrate (a sec- 
ond substrate) so that they came in contact, and there- 
after undenvent heat treatment at 1 1 80°C for 5 minutes, 
whereby bonding became intensive. 
[0491] Applying external force onto the bonded 
substrates for separation, the second porous layer with 
a larger porosity collapsed and separation took place at 
the interface between the non-porous layer and the 
porous layer. 

[0492] Consequently, an SOI substrate having a 
single-crystalline Si layer of 0.2 ^m thickness could be 
formed on the Si oxidized film of the second substrate. 
As described above, when the epitaxial growth step is 
omitted, the thickness of a single-crystalline layer 
becomes 0.1 ^m or less. No porous Si remained on the 
surface (separation surface) of the single-crystalline Si 
layer. Thus, separation of the non-porous layer and the 
porous layer at the interface can make it possible to omit 
various steps for obtaining an SOI layer having a 
smooth surface. 

[0493] The intersurface separation like this can take 
place since stress can be concentrated in the vicinity of 
the interface. Othen/vise, in such cases of hetero epitax- 
ial films such s SiGe, etc. on silicon, stress can be con- 
centrated in the vicinity of the interface. 
[0494] The porous Si remained on the first sub> 
strate was selectively etched with a mixed solution of 
49% fluoric acid and 30% hydrogen peroxide which 
were being stirred. This bulk wafer was used repeti- 
tiously three times as the fir^t single-crystalline Si sub- 
strate. Thus four SOI wafers and one bulk wafer was 



obtained. 

[0495] An epitaxial layer was formed on this bulk 
wafer and was used as an epi-wafer. 

5 (Example 14) 

[0496] A P-type first single-crystalline Si substrate 
with a resistivity of 0.01 to 0.02 n« cm was subjected to 
anodization in an HF solution. 
10 [0497] Anodizatbn conditions were as folk)ws: 



Current density: 
Anodization solutbn: 
Time: 

15 Thickness of porous Si: 



7 (mA • cm'^) 
HF:H20:C2H50H=1:1:1 

11 (minutes) 

12 (nm) 



[0498] The porous Si is further used so as to have a 
function of a separation layer in addition to a function of 
forming a high-quality epitaxial Si layer, and thus 
20 respective functions are shared by one layer. Inciden- 
tally, the thickness of the porous Si layer can be suitably 
selected from an range of 0.1 micron to about 600 
micron. 

[0499] This substrate was oxidized under oxygen 
25 atmosphere at 400°C for one hour. This oxidization 
caused internal walls of pores of the porous Si to be 
covered with a thermally oxidized film. Single-crystalline 
SI was epitaxially grown by 0.3 ^m thick on the porous 
Si. Growth conditions are as follows: 

30 

Source gas: SiH2Cl2/H2 
Gas flow rate: 0.5/180 l/min 
Gas pressure: 80 Torr 
Temperature: 950°C 
35 Growth rate: 0.15|im/min 

[0500] Incidentally, prior to epitaxial growth, the 
already described (2) hydrogen baking step. (3) minute 
amount-raw material supplying step, and (4) high tem- 
40 peratu re-baking step may be of course implemented. 
[0501] This can be applied to other examples con- 
ducting anodization. 

[0502] Moreover, this epitaxial Si layer surface was 
thermally oxidized to form Si02 layer of 100 nm thick 
45 thereon. 

[0503] In addition, the wafer was brought into con- 
tact with another silicon wafer with the same diameter 
from which a native oxidized film was removed, and 
heat treatment was conducted for bonding to form a 

50 multilayer structure. 

[0504] A wedge made of a rigid body was inserted 
into a side surface of the multilayer structure to peel off 
the first substrate from the multilayer structure. After 
peeling off, an epitaxial layer was transferred onto the 

55 second substrate. 

[0505] The epitaxial layer was subjected to wet 
etching to remove the residual porous layer thereon, 
and it was treated with hydrogen annealing to obtain an 
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sol wafer. 

[0506] On the other hand, the peeled su rface of the 
peeled first substrate was polished to remove the resid- 
ual porous layer, and a bulk wafer was obtained. Using 
this bulk wafer as a first single-crystalline Si substrate, 5 
again the process for producing SOI wafers is imple- 
mented. Thus the process for producing SOI wafers is 
repeated five times and five SOI wafers are obtained. 
[0507] After the fifth peeling, the peeled surface of 
the first substrate (semiconductor substrate) was poU io 
ished to remove the residual porous layer and a bulk 
wafer was obtained. For example, by using this bulk 
wafer, an epitaxial wafer was produced. 
[0508] Incidently, in case where demand for epi- 
wafers rapidly increases, the above repetition times are 15 
set to two times and the production amount of the epi- 
taxial wafers may be adjusted to increase the amount. 
[0509] As described so far. the present invention 
enables efficient and economic practical use of semi- 
conductor wafers. 20 

Claims 

1. A method of producing a semiconductor member 
comprises: 25 

a first step of preparing a first member having a 
non-porous layer on a semiconductor sub- 
strate; and 

a second step of transferring the non-porous 30 
layer from the first member onto a second 

member. 

wherein use of the semiconductor substrate 
from which the non -porous layer is separated in 
the second step as a constituent material of the 35 
first member in the first step is conducted (n-1) 
times (n is a natural number not less than 2), 
the first and second steps are repeated n 
times, the semiconductor substrate is sepa- 
rated In n-th use in the second step, and the 40 
separated semiconductor substrate is used for 
an use other than that of the first and second 
steps. 

2. A method of producing a semiconductor member 45 
according to claim 1, wherein the first member has 

the non-porous layer on the semiconductor sub- 
strate through a separation layer, and the second 
step includes a step of bonding the first and second 
members to each other with positioning the non- so 
porous layer inside to form a multilayer structure 
and separating the multilayer structure at the sepa- 
ration layer. 

3. A method of producing a semiconductor member 55 
according to claim 1 , wherein the use other than 
that of the first and second steps is sale of the sem- 
iconductor substrate separated in the n-th use in 



the second step. 

A. A method of producing a semiconductor member 
according to claim 1 or 2, wherein the semiconduc- 
tor substrate is selected from the group consisting 
of CZwafer. MCZ wafer. FZ wafer, epitaxial wafer, a 
wafer treated with hydrogen annealing, and intrinsic 
gettering wafer. 

5. A method of producing a semiconductor member 
according to claim 1 or 2, wherein the semiconduc- 
tor substrate is a high-concentration p-type silicon 
wafer. 

6. A method of producing a semiconductor member 
according to claim 4. wherein the high-concentra- 
tion p-type silicon wafer has a resistivity of 0.001 
n • cm to 0.5 A * cm. 

7. A method of producing a semiconductor member 
according to claim 4, wherein the high-concentra- 
tion p-type silicon wafer has a boron concentration 
of 1 xlO^^cm-^tol x1020cm-3 

8. A method of producing a semiconductor member 
according to claim 1 or 2, wherein the semiconduc- 
tor substrate has cm epitaxial layer: on a surface 
thereof. 

9. A method of producing a semiconductor member 
according to claim 8. wherein the semiconductor 
substrate is different in resistivity from the epitaxial 

layer. 

10. A method of producing a semiconductor member 
according to claim 1 or 2, wherein the semiconduc- 
tor substrate has a first epitaxial layer and a second 
epitaxial layer on a surface thereof in this order from 
the semiconductor substrate side. 

11. A method of producing a semiconductor member 
according to claim 1 or 2, wherein the semiconduc- 
tor substrate has a semiconductor layer doped with 
a dopant on a surface thereof. 

12. A method of producing a semiconductor member 
according to claim 11, wherein the semiconductor 
layer is formed by diffusion or ion implantation. 

13. A method of producing a semiconductor member 
according to claim 2, wherein the separation layer is 
a porous layer formed by anodization of a non- 
porous region, or an ion-implanted layer formed by 
implanting ions into a non-porous region. 

14. A method of producing a semiconductor member 
according to claim 1 or 2, wherein the non-porous 
layer is a non-porous single-crystalline silicon layer. 
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15. A method of producing a semiconductor member 
according to claim 1 or 2. wherein the non-porous 
layer is a non-porous single-crystalline silicon layer 
having an oxidatton silicon layer formed on a sur- 
face thereof. 5 

16. A method of producing a semiconductor member 
according to claim 13, wherein the first member is 
prepared by forming the non-porous layer on the 
porous layer, and wherein the step of preparing the io 
first member includes a protective film-forming step 

of forming a protective film on a pore wall of the 
porous layer before forming the non-porous layer. 

17. A method of producing a semiconductor member 15 
according to claim 13. wherein the first member is 
prepared by forming the non-porous layer on the 
porous layer, and wherein the step of preparing the 
first member includes a hydrogen-baking step of 
heat-treating the porous layer in a reducing atmos- 20 
phere containing hydrogen before forming the non- 
porous layer. 

18. A method of producing a semiconductor member 

according to claim 13, wherein the first member is 25 
prepared by forming the non-porous layer on the 
porous layer, and wherein the step of preparing the 
first member includes a low-rate growth step of 
growing the non-porous layer at 20nm/min. or less 
when the non-porous layer is formed. 30 

19. A method of producing a semiconductor member 
according to claim 17 or 18, further comprising a 
step of heat-treating at a temperature higher than a 
treatment teiYiperature in the hydrogen-baking step 35 
and/or the low-rate growth step under a reducing 
atmosphere containing hydrogen. 

20. A method of producing a semiconductor member 
according to claim 2, wherein after forming an insu- 40 
iating layer on the non-porous layer, the insulating 
layer and the second member are bonded to each 
other to form the multilayer structure. 

21. A'method of producing a semiconductor member 4S 
according to claim 1 or 2, wherein a device is 
formed on the non-porous layer and the device Is 
transferred onto the second member. 

22. A method of producing a semiconductor member so 
according to claim 1 or 2, wherein the non-porous 
layer comprises a plurality of layers. 

23. A method of producing a semiconductor member 
according to claim 1 or 2, wherein the non-porous 55 
layer is a heteroepitaxial growth layer. 

24. A method of producing a semiconductor member 



according to claim 1, wherein a material constitut- 
ing the semiconductor substrate and the non- 
porous layer is silicon. 

25. A method of producing a semiconductor member 
according to claim 2, wherein the separation layer is 
a porous layer. 

26. A method of producing a semiconductor member 
according to claim 25, wherein the porous layer is 
formed by anodization. 

27. A method of producing a semiconductor member 
according to claim 2, wherein the separation layer is 
an bn-implanted layer formed by ion implantation. 

28. A method of producing a semiconductor member 
according to claim 27, wherein the Ion-implanted 
layer is a layer having microcavlties formed by 
aggregation. 

29. A method of producing a semiconductor member 
according to claim 27. wherein the ion-implanted 
layer is formed by ion implantation with at least one 
kind of nns of hydrogen, nitrogen or a rare gas. 

30. A method of producing a semiconductor member 
according to claim 27. wherein the ion implantation 
is conducted with a beam line ion implantation 
apparatus. 

31. A method of producing a semiconductor member 
according to claim 27, wherein the ion implantation 
is conducted by using a plasma immersion ion 
implantation process. 

32. A method of producing a semiconductor member 
according to claim 1 or 2. wherein the step of pre- 
paring the first member includes: a step of forming 
a first epitaxial semiconductor layer on the semi- 
conductor substrate; a step of making at least a 
part of the first epitaxial semiconductor layer porous 
to a porous layer; and a step of forming the non- 
porous layer on the porous layer, thereby preparing 
the first member. 

33. A method of producing a semiconductor member 
according to claim 32, wherein the porous layer is 
formed so that a thickness of a portion not made 
porous in the first epitaxial semiconductor layer is 
1 00 nm to 20 ^m. 

34. A method of producing a semiconductor member 
according to claim 32, wherein the semiconductor 
substrate is a high-concentration p-type semicon- 
ductor substrate: 

35. A method of producing a semiconductor member 
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according to claim 32, wherein the first epitaxial 
semiconductor layer has a boron concentration of 1 
x10^^cm-3to1 xlO^^cm-^. 

36. A method of producing a semiconductor member 5 
according to claim 1 or 2, wherein the step of pre- 
pcuing the first member includes: a step of forming, 
on the semiconductor substrate, a first semicon- 
ductor layer which is an epitaxial layer, a second 
semiconductor layer different in impurity concentra- io 
tion and/or conductivity type from the first semicon- 
ductor layer in this order from the semiconductor 
substrate side; a step of making at least a part of 

the first and second semiconductor layers porous to 
form a porous layer; and a step of forming the non- is 
porous layer on the porous layer, thereby preparing 
the first member. 

37. A method of producing a semiconductor member 
according to claim 36. wherein the semiconductor 20 
substrate is a p-type semiconductor substrate, and 

* wherein the first semiconductor layer has a concen- 
tration of an impurity for controlling a p-type con- 
ductivity smaller than that of the semiconductor 
substrate, and the second semiconductor layer has 25 
a concentration of an impurity for controlling a p- 
type conductivity larger than that of the first semi- 
conductor layer. 



according to claim 40, wherein a position of the ion- 
implanted layer is determined to. be a position of 
100 run to 20 ^m awsy from the semiconductor 
substrate side inside the first epitaxial semiconduc- 
tor layer. 

44. A method of producing a semiconductor member 
according to claim 40. wherein the semiconductor 
substrate is a high-concentration p-type semicon- 
ductor substrate. 

45. A method of producing a semiconductor member 
according to claim 40. wherein the first epitaxial 
semiconductor layer has a boron concentration of 1 
x10'^cm"^to1 xlO^^cm"^. 

48. A method of producing a semiconductor member 
according to claim 1 or 2. wherein the step of pre- 
paring the first member includes: a step of forming, 
on the semiconductor substrate, a first semicon- 
ductor layer which is an epitaxial layer, a second 
semiconductor layer different in impurity concentra- 
tion or conductivity type from the first semiconduc- 
tor layer in this order from the semiconductor 
substrate side; and a step of forming an ion- 
implanted layer inside the first semiconductor layer 
and/or the second semiconductor layer, thereby 
preparing the first member. 
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38. A method of producing a semiconductor member 30 
according to claim 37, wherein the semiconductor 
substrate is a high-concentration p-type semicon- 
ductor substrate. 

39. A method of producing a semiconductor member .35 
according to claim 36, wherein the porous layer 
comprises a plurality of layers having different 
porosities from each other. 

40. A method of producing a semiconductor member 40 
according to claim 1 or 2, wherein the step of pre- 
paring the first member includes: a step of forming 

a first epitaxial semiconductor layer on the semi- 
conductor substrate; and a step of forming an ion- 
implanted layer inside the first epitaxial semicon- 45 
ductor layer, thereby preparing the first member. 

41. A method of producing a semiconductor member 
according to claim 40, wherein the ion-implanted 
layer is a layer having microcavities formed by so 
aggregation. 

42. A method of producing a semiconductor member 
according to claim 40, wherein the ion-implanted 
layer is formed by Ion implantation with at least one ss 
kind of ions of hydrogen, nitrogen or a rare gas. 

43. A method of producing a semiconductor member 



47. A method of producing a semiconductor member 
according to claim 46, wherein the semiconductor 
substrate is a p-type semiconductor substrate, and 
wherein the first semiconductor layer has a concen- 
tration of an impurity for controlling a p-type con- 
ductivity smaller than that of the semiconductor 
substrate, and the second semiconductor layer has 
a concentration of an impurity for controlling a p- 
type conductivity larger than that of the first semi- 
conductor layer. 

48. A method of producing a semiconductor member 
according to claim 1 or 2. wherein the second mem- 
ber is selected from the group consisting of CZ 
wafer, MCZ wafer, FZ wafer, epitaxial wafer, a wafer 
treated with hydrogen annealing, intrisic gettering 
wafer, quarts glass, plastics, a metal, ceramics, and 
a flexible film. 

49. A method of producing a semiconductor member 
according to claim 1 or 2. wherein the second mem- 
ber has an insulating l^er on a surface thereof. 

50. A method of producing a semiconductor member 
according to claim 1 or 2. wherein the second step 
includes a step of bonding the non-porous layer to 
the second member and separating the non-porous 
layer from the first member. 
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51. A method of producing a semiconductor memioer 
according to claim 2. wherein the second step is 
conducted by using a method of heat-treating the 
multilayer structure or a method of oxidizing a side 
surface of the separation layer and^^ a vicinity 5 
thereof. 

52. A method of producing a semiconductor member 
according to claim 2. wherein the second step is 
conducted by using at least one of a method of 10 
inserting a wedge into the separation layer from the 
vicinity of the edge of the multilayer structure, jetting 

a fluid to a vicinity of the edge of the multilayer or 
the separation layer, a method of applying a stretch- 
ing force, compressing force or shearing force to 15 
the separation l^er, a method of slicing at the sep- 
aration layer, or a method of applying ultrasonic 
vibrations to the separation Is^er. 

53. A method of producing a semiconductor rtiember 20 
according to claim 1 or 2, wherein the second step 
includes a step of heat-treating the multilayer struc- 
ture in a range of 400° C to 600" C. 

54. A method of producing a semiconductor member 25 
according to claim 2, wherein in the second step, a 
gas or a liquid which is a fluid is jetted to a vicinity of 
the edge of the separation layer. 

55. A method of producing a semiconductor member 30 
according to claim 54, wherein the gas is selected 
from air, nitrogen gas, carbon dioxide gas or a rare 

gas. 

56. A method of producing a semiconductor member 35 
according to claim 54, wherein the liquid is selected 
from an organic solvent, an alkaline solution or an 
acidic solution. 

57. A method of producing a semiconductor member 40 
according to claim 1 or 2, wherein the second step 
comprises flattening and/or smoothing a surface of 
the semiconductor substrate obtained by separat- 
ing the non-porous layer from the first, member in 
the second step. 45 

58. A method of producing a semiconductor member 
according to claim 57, wherein the flattening and/or 
smoothing is conducted by surface-polishing, etch- 
ing and heat-treating of the semiconductor sub- so 
strate. 

59. A method of producing a semiconductor member 
according to claim 58, wherein the heat-treating is 
hydrogen annealing. 55 

60. A method of producing a semiconductor member 
according to claim 59, wherein a temperature of the 



hydrogen annealing is not lower than 800'' C but not 
higher than a mehing point of a material constituting 
the.semiconductor substrate. 

61. A method of producing a semiconductor member 
according to claim 57, further comprising a step of 
forming an epitaxial layer on the flattened and/or 
smoothed semiconductor substrate. 

62. A method of producing a semiconductor member 
according to claim 1 or 2, further comprising a 
inspection step of conducting at least one of sur- 
face particle inspection, thickness distribution, 
defect density Inspection, surface shape inspection 
or edge inspectbn, after a surface flattening and/or 
smoothing treatment of the semiconductor sub- 
strate used n times in production of the semicorv 
ductor member. 

63. A method of producing a semiconductor member 
according to claim 62, wherein in the inspection 
step, the semiconductor substrate is selected for 
use of a dummy wafer, a monitor wafer, a prime 
wafer or an epitaxial wafer. 

64. A method of producing a semiconductor member 
according to claim 1 , wherein the value n can be 
detennined by subjecting the semiconductor sub- 
strate, which is obtained by separating the non- 
porous layer from the first member in the second 
step, to a inspection step of conducting at least one 
of surface particle inspection, thickness distribution, 
defect density inspection, surface shape inspection 
or edge inspection. 

65. A method of producing a semiconductor member 
according to claim 64, wherein the semiconductor 
member is an SOI wafer, and wherein after the 

semiconductor substrate is used in the first and 
second steps two times or more, the semiconductor 
substrate is used to produce an epitaxial wafer for 
an use other than that of the method of producing 
the semiconductor member. 

66. A method of producing a semiconductor member 
according to claim 1, wherein the use other than 
that of the first and second steps is conducted for 
production of epitaxial wafer, and wherein n.is 
defined by the number of ordered sheets of epitax- 
ial wafer which is recorded in a computer 

67. A method of producing a semiconductor member 
according to claim 66, wherein the epitaxial wafer 
has an epitaxial layer with a concentration of an 
impurity for controlling a p-type conductivity smaller 
than that of the semiconductor substrate on a high- 
concentration p-type semiconductor substrate. 
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68. A method of producing a semiconductor member 
according to claim 1; wherein the semiconductor 
substrata is a high-concentralion p-type semicon- 
ductor substrate, and wherein the use other than 
that of the first and second steps is an epitaxial 5 
wafer. 

69. A method of producing a semiconductor member 
according to claim 68, wherein the epitaxial wafer 
has an epitaxial layer with a concerrtratbn of an 10 
impurity for controlling a p-type conductivity smaller 
than that of the semiconductor substrate on a high- 
concentration p-type semiconductor substrate. 

70. A method of producing a semiconductor member 75 
according to claim 1, wherein the use other than 
that of the first and second steps is a dummy wafer, 

a monitor wafer, or a wafer for producing a device. 

71. A method of producing a semiconductor member 20 
according to claim 1. wherein the use other than 
that of the first and second steps is production of a 
solar cell. 

72. A method of utilizing a semiconductor substrate, 25 
which comprises applying a semiconductor sub- 
strate used plural times in production steps of a 
bonding SOI wafer to use other than the production 
steps of the bonding SOI wafer. 

30 

73. A method of utilizing a semiconductor substrate 

according to claim 72, wherein the use other than 
the production steps of the bonding SOI wafer 
includes sale of the semiconductor substrate used 
plural times. 35 

74. A method of utilizing a semiconductor substrate 
according to claim 71, wherein the use other than 

the production steps of the bonding SOI wafer 
includes production of an epitaxial wafer by using 40 
the semiconductor substrate used plural times and 
sale of the epitaxial wafer. 

75. A system of producing two kinds of semiconductor 
members, which comprises a step of using a semi- 45 
conductor member obtained from SOI substrate 
production steps utilizing a bonding method in the 
SOI substrate production steps n times (n ^ 2), and 

a step of producing an epitaxial wafer for use other 
than the SOI substrate production steps by using 50 
the semiconductor member used plural times. 

76. A method of controlling the production of a semi- 
conductor member, which comprises using a semi- 
conductor substrate in bonding SOI wafer 55 
production steps n times (n ^ 2) to produce n sheets 

of SOI wafer, utilizing the semiconductor substrate 
as an epitaxial wafer for an use other than that of 



the bonding SOI substrate production steps, and 
controlling use times n to adjust the production 
amounts of the SOI wafer and the epitaxial wafer. 

77. A method of utilizing a deposited film-forming appa- 
ratus, which comprises commonly using a depos- 
ited film-forming apparatus for forming an epitaxial 
wafer having an epitaxial layer on a semiconductor 
substrate for use in production steps of a plurality of 
sheets of bonding SOI wafer and a deposited film- 
forming apparatus for forming an epitaxial wafer in 
which the semiconductor substrate is applied to an 
use other than that of the production steps of the 
SOI wafer. 

78. A method of producing a semiconductor member 
according to claim 2, further comprising a step of 
heat-treating the muftilayer structure in an oxidizing 
atmosphere. 

79. A method of producing a wafer having a surface 
Isyer, comprising the steps of: 

forming a porous surface region on a first sub- 
strate; 

forming a coating layer on the porous surface 
region; 

bonding a second wafer to the exposed coating 
layer; and 

separating the first substrate from the coating 
layer at a separation plane within the porous 
layer. 

80. A method according to clajm 79, wherein residual 
portions of the porous layer are removed from the 
first substrate and from the coating layer after sep- 
aration of the first substrate and the coating layer. 

81. A method according to claim 79 or claim 80, 
wherein the coating layer comprises a plurality of 
layers. 

82. A method of producing a plurality of wafers having 
respective surface layers, comprising the steps of: 

forming a porous surface region on a first sub- 
strate; 

forming a coating layer on the porous surface 
region; 

bonding a second wafer to the exposed coating 
layer; 

separating the first substrate from the coating 
layer at a separation plane within the porous 

layer; 

removing residual portions of the porous layer 
from the first substrate; 

forming a second porous region on the first 
substrate; 
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Ibnning a second coating layer on the second 
porous surface region; 

bonding a third wafer to the exposed second 
coating layer; and 

separating the first substrate from the second 5 
coating layer at a second separation plane 
within the second porous la^er. 
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